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(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR CHIP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracking and 
chipping on a cut face, and an interface by dividing an area 
constituted of nitride semiconductor crystal into chips by 
using a plurality of division grooves formed on a wafer. 
SOLUTION: An n-type GaN buffer layer 101 is formed, and 
then an n-type AIGaN clad layer 102 is formed, and a 
multiplex quantum well layer 103 being an active layer, a p- 
type AIGaN clad layer 104 and a p-type GaN contact layer 

105 are formed. A wafer is reversed and n-type electrodes 

106 are pattern-formed on the side of a GaN substrate. 
Then, the wafer is set in a dicer and first split grooves 1 08 
are formed and second split grooves 109 are formed on the 
GaN substrate side of the wafer. An area constituted of 
nitride semiconductor crystal is chip-divided by using the 
split grooves 108 and 109. 
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[*#S*R*©$bB] 

*«Lhl=. pSItnfilWoT** 

l fc t> ^—z^m^mt*?- v iizwt « sit 

&©B2©Sijy3f*. L < (ifci+^Rff^ro^-y ;?ffiM*T? 
ff^ia-r sut, s5fBtsx5©m 1 ©m yi*fcii»2© 

■nmm.ztitzmMi'?- v -?-smt s is t e> ft a c t 1 o 

iS 1 (cfB*S©steft#afE&? : ^©Sit*;io 

umm 3 ] Hfrt2*§i£©m i ©m y si ^gsmr-s^ 

•y^©fS3t75j£o 

m 2 ©S<J y 31* L < li&lfjlf ^triB^x/v- ©-73©ffi 

ffin=^-r-sci:*!i#at-r*H?riBR*^ 1 i=ib«©s 

OMt*5] sfriHtijswBiOTSiiy^ro+ic. *s«© 
* 3 ©a y ** u < (±*H-3t*»j«-r « - 1 zftrntt 

nmmei s<b*¥**Ju*K3!>a**±i=s Mfcfe 30 

T«**ifcSttB •& £ & ft «£<bft¥& 

SfeTrfc-oT, «JfB«S«®ffl*^iifrfB^1bffc^<*J¥liI 
<t fflStS £ ©l^ffi t L < (*R#® <fc y £ 3 < fl y ft jgffl 

tfm-f&wz 1 ©a vm&mm.o? zn&mzum-fzm 

» <t «» isi-r *tt«i= . ft 2 ©hj y » * » bw 5 « 2 1 
fit , fljfBfg 1 ©9J y if £fci*!g 2 ©a y it£ ffli^r^ 
ibfe##&jf -ettfig * *vt-^iJgE * -Jft-m- iiit 40 

6 ft 3 C t v ^©git* 

[it^is 7 ] mtm 1 ©si y ft j^sp t mm 2 ©a y 

ftj£^*fct*B3©S(|yft&as<t©ffiSSt*< 1 5 O ju miy. 
TK-r *:r«*JMrr * c «b SffiftS 2X1* 

3 XI* 5 XI* 6 lc*B«©M1bft^*^ ^©SitTs 

[»**8] sriESg2©iijysJsa5©»BSfis*, «r 

t4Ci ZftWlk-r SWrJfc* 3 XI* 6 lcf2«©M1b^ 50 



[ISjSiS 9 ] fjfBIg 2 ©9J y ft|gSP£ busB^x/v- <£> 
M<bfe##tt:BiMib%#^S«©SSIc. =fcL<l* 

fjEo x/n— (Dmit^mi^m t mitm^mwmmt © 

©a y ^SB*fiiE#®«fc ytis< MmTZT-mzmm 
•t&^k &&mk-? zm&m 3 xi* e i-HBK©sib%i* 

im*m 1 o ] mtm 1 ©a y m. m 2 ©a y m. m 

3©»jy3f©. Jt»jS*|6]*<. Sib%|i|i^<*/i©, <1 

1-20 >*[6], < 1 - 1 O 0>*|qk <0 O O 1 

IrI. <o - 1 1 1 >^riS]. <o 1 - 1 o>^rifi]^e,5 
7. 6° ©73P=J©, H+LA^fe^cir^tf^t-r-SiS* 
IS 1 7iM9©^-r+iAMcfB®©^b%l^«:^-v^©fi 

#(7>a®*<. S-fb«B*a|«:JB<D {1-10 0]®. {1 
1-20) I, (0001] ®, IO-11 11 
{0 1 — 12} m<Dl$hfr^toZ>ZLt ffi$t 

&t>&ib<mk^mi*1&M,{~mLT. l-< 11-20 
>^fS]T?s=< 1 - 1 o o>:frrpk l = <oooi>^ 

|p}-US=<2~ 1 - 1 0>^JrU L = <0-111>J 
fS]T?S = <2- 1 - 1 0>:fr|pk L = <O0O1>^[p] 

T?s = <oi-io>Sifii, <Dftftfr<bMft£fr-&-T:$> 

1 3 ] Sft*#SW***4f -f ^™ K(DBfrSia> 
iSsmt^ ^s<t^ffi^a)it (l/s) >5<1. 

0 1 ^±4ISlTT**^i:*1*«i:-r*»*ai 2fEm 
[000 1 ] 

l§&W0>mi-Z>t3Lffiftm *f£B^(*. — I nxA ly 
GazN (0 ^ x ^ 1 . 0 ^ y ^ 1 . x + y + z = 1) 

t?aiE**i.S^bft#»»<7>*3fem^*fclia^Tr/NV 
[0002] 

[«£*<Dftfg] tt*. ^<b«B*3|{*(i**^T-^/N-f 
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lb*<£:£*u Sft»*SW*u— irfi 

[0 0 0 3] 

i±. ia*ttSofciij^y-e&y. j^H-t. snfincLTSS 
y*««±uw<, ^#aT?#ft*ofcfc*> 

[0 0 0 4] ttHPM 1 -4 0 4 8Mtlt g<b«a¥ 

S^fe^M® {1 1-00} -c^^fc^^r-r^c^^ 

[ooos] cct?. S^b«a*»i*(D^#ga®"tffc*M 
(OOOD S^fc*fLT3II#^U HtiMctt 
E^#HB«#4fc«)^*ll*lRl «1 1~20>^ 

fpj) t,3H£>£ 0 

[o o o 6] ^#Ba;fr[pn?(i#i^< 1 - 1 o 

T\ 3 0^-r^lfc*[S] (<1 1-2 0>*IrI) daftr 
#§H*fiia)<1 1 ™2 0>*lpj{C}^oT5 1 ^^flJLT 
36N«t*|c<fcoT. *E|-r^*|pl t 6 OJt-r*Lf= 

[0007] ±E< 1 1 - 2 0>*lRjO)^#BBtt(±. T 

[O 0 0 8] 



'>* < <t * 2 oj2i-ta>*«a>« y l < i±-*r 

««<D«yaMBJ:y t»<-r«xai**«L. fiia^ 
xy\— i=^aLfci»Ea»a>«ijy3i*ffl^-rafc»*w 

[0009] ^mmit. M^^u^^itt^ 
-t^m mm. * ^> a £as l fc ■> x, \ 

lWffi«1(Day3KD«i:&Sk-r*aB-C. »E*x/\— 

a>a<b»*aM*a»ffi(=«fc(=* 2 4>H y mzitmir & 
tm^. WESR1 to»y3i«cfcy*.SB2(Day»«*» 
<^-^xii^. ttEjsia>sayaji:*2(D«oy»(=:^o 
rtis^xA-$f^ ^«ic»»j-r-sxa*Pr«-r - 

20 ^*S«£tl^^<D^b^^f*^fe^c<t^t,. h- 
©^#B8«Ftt**-r*cti. JBl<Day*tf«2a>a 
yjJl«fcy*i8HBj&<j£<. ^o. 3£1 ir^2CDiijyS(c^ 

itr«jBr-r-5ci^(Ccfcy. m2 0>mvmi^&-oTm*itz 

SUSff 3^ &tt)R 2 oa y «s«pt*<d* 1 cdhj y 3fo>jg 

a<t?^^o »Ba>*^«2a>9jy«**gA«ft«« 

1 a>ay*«i:JB2<D«iy3iB3&<»asffl*tt. Jif»a> 
cfc a a y at ea>»^m 2 y *jfc&a=ixfca*LiB 
^\ 9iy«Bo>i£i^ 1 a>ay*i=ii*r**#. mm 
m*im*m 2 co^jj y sit^ 6n#i-c»ft*fti=a*ufc 

*itzmtim<m 1 <diij y sjsticaat z> z. t tfxz 

[0010] *^0^(i. tt*£*«Ltt^S4b*¥V{* 
40 S^Jifc. p&|& niII=J:ot»*iifc*ttIi* 

-(cfciNT. hJE^x/n— a>^b«i^*<*»ffiS(cBfrM 

o>^ ^ ^p^-em 1 ©si y sistttticiKja-r *xa^ . 
we«i ©a«i©«i:§at*ttiS7f, »E«io>a 
y *«»*i=«ffc(=« 3 o>a y »t»rt-r * n 
Em 1 ©a y s^i^ y t « 3 o>a y <t*i8 

t . ATEtK 3 (DSU y iSi:^oriia^i/\-$f ^tt 

ic»a-r*xa**«-r«-i:*»«t-r4o ±Exa 
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otill, ^O. JR1 tJR3(D»jy3Hc#{tT«Bfr 
-SChfcJ; y % SB 3 <Z>9J y »f = «fc o T9l*Lfc9J*L«#. 
K 1 ©a«»i:«l:orfl»«i:»«j:ofc«»TffflR« 

[0 0 1 1] ffi3t*#*Lfcl^b«5#Wtt; 
a«±lc. P S!JIinHJI(=J:oT***LfcJSttJI** 10 
"T & frJMHt* ^> * £3?!Jf L fc ^ x / \ 

»iB«ia>ffly*©«i:4a-r«tt«-c. buieox/x- 

tmz^ ttfB*i(z>9jy»ecfcyt.*2a>siy*B** 
<ir&xa£. ttEJBi<o«y3fa>ai:^a-r*ffi« 
-e. «EKi©ay*js»*{=«fcr=jB3©ayai*^ 
*-rst*rc % srESio)syy»BJ:yti*3(D9jy» 

KS»<«xgt, B(rES6 2(DSijy3ttH9E«3<z>Si] 20 
ftit«^t$»*i:« 0 -LExa*JMrr£c£(c 

cfcor. RjR«2^sf«4i3a>wflk£*L. mm<D7-v 
[0012] afc*#sntJsmo>«at«jt 

M Lfc^ni/N— (cfcuvc. ME^x/n— <DS*b&¥«f* 

•Sisicwa^^^jR-ejBionysijswswEa 30 

*b»¥»ttaWR£«S«£<B#ffi* L < ttB#a«fc y t 

i<Mmng<t, WEBio>»jy»cD«i:fi-a 

izmzomvm&i&m-t&tmz^ mesh a>ay*« 
*yt.«2o>wyaMi**<-r-6*2xai:. mean 
<D»y»a>«£fi*r*tt«-e* mEftionyxjes 

+(c«rfcfc* 3 (DSiy ttE«l<B 

ByiB«kytJS30)ay»B*»<t**3ii©3 

^(c^SJ-r^X^. fc«LMiffi 1 xa<tl?5 3xa£JB^ 40 
T»E^x/\— £^?:^!=#ffl-r*X« % 

S1 T.mtM2. t SKSXa^ffll^TlttE'dXM— 

^ttic^-fij-r^x^^d^. fir*i^*ffl^-c^^^»a 

*witttt**:*«at«-e*«fctf)^#H*<«fty, c 

ftmiztj] r-t & c * *<-c? # * 0 
[0 0 13] xaic*a< t ti*****-*- 



£0 

[0014] s<b*#sn*iana)a*«± 

(=> tt4iJttllOlI^2 0 //m£jLt<D 

Lfc-tC:. p n gSJBlCJ; 

Lf^x/x- [Cfct^T. 1ufB^x/\— com 

itm^-m^mmizmmcDT v ^«-e* 1 <d»j y ^is 

WSffirEM^btt^ftBKtgSffi^©*®*, L < IiK 

#H*y*a<»«-r**ixai:. wesm a>9jy3t 
omt^-f^&mv. »eox/\— a>B<b**#tfra 
2 cofij y m*tej$.-*%> t mz^ mmm 1 
<D9J y snhj: y t* 2 ostj y gf *s£» < -f am 2 n 
mam floay3t©«td-»-r*fit«tf. wesm 
©9J y s js^KSrfcicfg 3 com y nt&i&m-t 
iz, we*i <oay»*cfcy *.*3<D9jy*«*»<-r 

£Jg3Xfi(D3*>. «1 Xa£sFi2Xa£JBl^T«E^ 

H3xa*ffil>TBfrfE0x/\— ^«i=:»ti-r*x 
££>fc(3u Ml Jzmtmz, S3xg£/Bi>TiKFE 
^x/\— *^^^jRlc^9J-r^xaa>5*». 

l^x^ ^ ^iit^^ <b siyrr ^ c t z^mt^-Zo 
±tttm&mm^z>z:£iz&-DT. mt^mwmmt 

I^^IS^ («itf*\ t77^7M) -tic. 2 0/1 
mJSJl_ta>JSiea)M^b«B**tt:R*»Jl Lr =fc**^o>ja 
ISfiSct^^So *t=. «1(Z)9Jy*««J2l^ 

fifty. «Bl^te*lRl(c^*Ba**iS^i:SlftihL. Br 

^-h(r^m K— e>y*trot=J*il<D»b*#SW*Bl 
(Mx-li. 3 0 0/im) ^MLfci:C^ «S«Ji(= 

ttX£± < K— 1°>^ L.n^l^H CI¥Ka>S-(b«i#« 

Lxtt3fc<z>isiBia>a<b**3iitK*«at«±(=aji Lfc» 

<r>fr »-f5^m \z j; o r . r=9J+t * c t *< l li L ii 

*»i*l«*a3tfi±rr:«*Lfc»^l*. Ox/^SW 
< . ttE^KDttMJe^^ KlttlRlCcfcoT 

[0015] ^i^ti^ct^^iaot, tj] 

t?^^ 0 «i****-r*aib**»(**«t l < i*i&m 
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2 0 O jU mKlT^t>^SJ-r^ ZLttfX*£&o 

[001 e] #.mmt* <!>u< t&i&m&^m-f&mit 

m3jSl±1'fc*^t*»«i:-r*o cockle* y . ^ 

too 1 7] *««ame«2a>nu9t««a)»rttttK 
[oo 1 s] «resR2(onygijg«F$«riB^ 
u^sft9t«o coz^i^y, ^^^acoiB. 

«^^3&«-t?#*^*l=. SfS2(D»jy»jgffi#:&i!i£ K— 

Sffi^a>ta>(7>»*J-efcy. K-t°>>/LT 
^tti^btt^ftssizib^T^aic^^^sj^-^ 

[ o o 1 9 ] iuism 1 y a 2 <7>gy y 

jS3a>ay*o>. *»**irI36«. aibtt^aMtea 

(D> <1 1- 2 0>S-[rU < 1 - 1 O 0>*Ir1. <0 O 

0 1 >2j|pl <o-i 1 1 >Sisl <oi-i o>^ffi] 

£ 0 c^^^iccty. »jy»fl2j**<§g(=#ao 30 
[0020] ±E^^^»a(=«fcor»iy* 

#(D«S®*<. M*b«a¥3H*l6Si<D {1-100} 
SL {11-20] ®, ioooD ®, {0-11 
1) BL {0 1 — 12] W<Di*MnfrX$>Z>C k&l&WLk 

ii£r<£>^— SSSI*. {1-100} ®-efc£c£rt<# 

[0021] *as^r*. fi*b*#»(**##>ra--- kq> 

L. ^S^t^i^ iiufBllfflL^iastf). ^[pj 40 

(Dm^t>^<mitm^mm^izmLx. l=<ii 

-20>AfiI"CS=<1-1 00>*Ir1, L = <000 

1 >*ifi]-es==<2- 1 - 1 0>*lRk L = <0~ 1 1 
1 >*iRi-es=<2- 1 - 1 0>*[p1. L = <000 1 
>*fS]T?S=<0 1 - 1 0>^|^]. <Dffilnfr(bmfr'&fr> 

kLX'J>t£<mi&tiiirZ>z.ktfx£Z>o z.co^kiz^ 

y. f -y^a(:«J:oT*4f-6^ftSfliatl)u 50 



[0 0 2 2] S<b»*SW**3ty-f K<D 

#1. 0 1 M±4\£TX&&C.k$:¥Tmk-tZ> 0 C1CDC 

irtccfcy, tc^»b, »*A<*jy9i(c**iiD*. 
ja*a < a y sic * x. c <t *<t* # . ^ >y & 

W%lz-?&^kl)<x£& 0 

[0 0 2 3] *S6Wtt\ *ES*btt*SW*at«J&<. Ga 
[O O 2 4] 

£*Td*;£<t LTIi, W^HftffijftAft (JUT. mo 

CVDi) % fl^lftXlf+S/— MBE;i) % 
[0 0 2 5] JSTFC:. JMRtLTGaNJWSfflLV Jffi 

Sftfek Lr mo c v DSjffl^tSl Lfdibiff 
{**3fc*V 3— K*.fctf»b»¥#*u— tfSV K 

«J«S;hTL^S«T?fe3h,(*&< * AlxGaylnzN 
(x + y + z=1) S^feoTt^Uo A lx 

GaylnzN ( x + y + z = 1 ) &;&tf>. Mlft jclfltf) 

&J1 0%gftJ24T (fc*?U 
£<. P. As. S b(7)feCD5£^(Cg^^tirU^T^ £ 

^7^^ KBa>HffllCtSLTL>-Si&SA<fey. AIGaN 

it. Iibiffftoc® {oooi} S^lc'^L^rfEK 

LTLv^)*<. Sib!ftl**{*(7>Affl {1 1-2 0} 

sibtt¥«»a>RS {1-102} at« % sib«B¥«« 

(DMW {1-100} &fc£:mi^X&&^a LfrLtXit 
irt,. C®^t» 2jSJilT(7>^-7ftfiS*"r-5S«-C?fe*t 

rssi, Mmgrfaiz-oi^x ^muxfo-otzo 

[ o o 2 e ] mmo»m i ) 1 t?«*. s 

[OO27101 (a) (4. C® (OOOD n HG a 
NSilOO, nlGaN/^77l101 % n MA I 
xl G al-xl N^7^>> KI1 0 2. 1 O 3. p|A 

I x2 G a 1-x2 NO =) V KJB 10 4. pSG a N a >^ ^7 
hI105, n ill 106, p Hi 10 7. % 1 (0 
0 8. !g2<Df!jy;ff 1 Og^bfM^tl^ 
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[0 0 2 8] OTicil (a) 0B1bft¥«f*«3fc4r<f 
[0 0 2 9] £t\ HVPE;^11I («xJ£\ "9-^ 

r-rrsii) -bicws^Ga n^wbu ^o>'&. mm 

W77^7SKa^U, I^400/im, 
2^>^0O)C® (OOO 1) niGaNlHOO^ 
MLf: B anSGaN«fiOnl8ltl S i £ K— 

10 ,8 /cm 3 tfcof: 0 ^b(^, MEnlGaNS^ 

So MOCVDgilC, BUfHn^Ga N«1 0 

O^-tr^hL. 1 050°C(DlSfiSg-(?nlGaN/<'V 
:?7J11 0 1 £1 ^mff^L^o C0niGaN/\ + 77 

V— ^*®E3tf!i(D3cS (^±Hb) £SttlZ|ft{1-fc:B-T?fc 
1 O 1 £Mf&&* ilft2 /ImKDniA I xt G a 1- xt 

N^*> Kill o 2£ff2j&L7c Q **J60>ffi£SgT?ri. X 

1=0^glfc 0 M0)SJt^7 OO o C-8O 

0 0 C^Jg|CTtf. I^4nm01 n0.35 Ga 

0.65 H&WMtfmZ 6 nmO) I no.02 G a 0.98 NP^ilJf 

j:y«*s*v&sttB (^iit#fd io3*ja* 

« a ^0>|gL S i H4f£#t££LT££^L. SMS L ft 

[0030] *cu atsa**wtf 1 o 5 o°c&-t?m& 

It, H^2 O nmOp^A I x2 G a 1-x2 N^7^*> KB 

1 o 4SSfttSo *HJ60)^®-r?r*. x2 = o. 2t 

Mlfco ^(D^. O. 2/iitl©Ii^pSGaN=l>^ 
KJ11 0 5S«ftLfc„ 
[ O O 3 1 ] 2tttt0Ktt<D»ttH 1 O 3 I*. 3 Sffl^ 

£#££SMT#F«^£^KLfc*<. ^<£ffetf>JH»l« 

SttBlAl nyGal-y Nfr *ftTLV|Xfi& < * fifr 

[O 0 3 2] *ftaSS#3 7 

L < . < i t«tt*^-T3F3|***< K— ^ 

«J«£*t-Cl*T. 3 7 0 nmJ2TF<7>i8£f#\ 

i **t?a<b*#**-eft(t*ttf&&-r. '>a< * 

H1102^ P I^7'VKI104I1 A I S^fc^b 



[0033] ±ESttB*(©#FJB*fcttl»fiJi<Z>^*e 

ttf£* Si N G © % C. Zn. Be. MgOfi^ 

[0034] piGaN3>^hl105(?)pi^f| 
tt«ffil±. pill 1 O 7<DMm{iLWlZfafr'oT. pi 
^«*«B«J££*< L LL^o C<Z>c£|cJ;y P 

fflft^««B-cft*Mga>att<bStti-frL^-6 
■7k**»*-r*fc»i=. pSBrt**ic«»o>»*s 

[003 5] d(D4ilCLr. piGaN3>^hl1 
0 5S*ft», MOCVDil0'J7^^-^$iII 

T£l±fc 0 S«aSA<8 5 0°CfcMLfcKF^-e. NH3 

20 o°c^b9 0 o°co)^^*L<. #a^r H 1(i. 3#£l 
[0036] ca>cfc5f=LrffS**L/=jat*K*^v> 

^^□V^^hgfttlMLri^o SIMS (Sec 
ondary ionmass spectrosco 
py) »5g*fTofctS*. 8i*$«^plGaN3 
30 >^^hHO 5i8®ififif3 X 1 Ol8/- cm 3^ T 

[00 3 7] »^#t>(rcfc^||K^cfc^i:. fi6«K*J^ 

©NH3gia^HBT?fcSi:#^.b*l5o CO>3£@7k 

fRf*. p £Ub^tttt^fc£ M g (Dy^mt^mif & - <t 
^btlTU^o BufH^^7K^;m^(i. 5 X 1 019 /cm 

40 [003 8] CCD4$(C piGa N =1 ^ KJB1 0 5 jS 

fPibLTHf3tfl!>»IB. j£SajS£«#ir£c<!:lrcfco 
Tlf\ a>£^7 h«ta*ia*t?*fc 0 *fc. p 1111 
JiKftRSSBO (piBOiSS) ifi^Jx^f^icj; 

y»*u. ta)R£iiicp&nitMt a 
Mmmmm (pmmcom&m zmizt'&mmit. 10 

50 ©3SIH**a*35<5x 1 OiVcmSOTW^ci^ 
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[0039] afeic. ±ffiffifbtt¥W{***y-f:*-— K* 

[0 0 4 0] S-f. ±ffi^X;\-(DG a N£fii$ffl 
H££1 50//m|CL, HcStii L£^£ Q GaNS^® 

ft<7)«S«i:afliSi]K*l*ih-r-5fcto(cfT5o iW, p 

iGaNH^^^ hI1 O 5±(C X P d (4 n m) /"M 
o ( 3 n m) /A u (1 O O n m) S3fc14 P S 

i o7S u v<?^z?j — sure/** — >Mj£Ltz 

[O O 4 1 ] 3felz, O^'^—^WMLlz Lts G a NS 
MIIZ, T i (1 5 nm) /A l (1 5 0 n m) 
nilI106$, 'JV^77<~ftitv^->^jS 

■tjsEwaic* niBa/^->si*L, jao. a 30 

[o o 4 2] KrlE^xyx— (c-tr-/ h U 

a NSMJC, 30/im, «MS 2 0 

rru bf-/^3 5 0 # mCDB 1 0>SJ y * 1 08^ H 1 

(b) izTK^-fe^mftx-KmLtzo Kio>wyaitt. n 

[0 0 4 3]^:, ^I/\-0)GaNiSll:Sfv- 40 
h£«ittU X^7^fA-(?)f-^±|:GaNS»j 

(plGaN3>^hl10 5$i) ±[Z S fc°^3 
5 O jKrru ;^£0. 1 /irru $g|>g 5 mt~ H3X^ 5 

^iCLtX^7^^tl)o CCD*$(CLT3 5 0 jti 

2 0>ffl.y*1 0 9BlStl) o fc*£U B2(7)fljy / : g1 

o 9 (D»jtfcfi»** luism 1 com y * 1 o a 0>J8fB<D(ic 50 



x^-r itt#i(*c^Lt<i 1-2 
o>*fc(±< 1-10 o^-fpj-efe^o B2cdSij 

y*i 09t«ia>ayai 0 8^icii«i^ 

[0044] X^-f^. Kffi^*^£fflfftL. ^ 

— ^— tfff L^T-S*(Ccfcy % 2-f >T(t>co0^y\— 

b3 50/imft(?)f ^^^Mfco f'^MRffil: 

^**«ytiJLfcWK #H*y i±9 8%£i_t-efco 
[oo4 5] *ntfea>^®i?. #B^y &<mm<btim 

£iB2a>ay9f£JE*jftu a2<7>ay»±«ia>ay3t 

^WMM-afc^tt, sbi a>wyat3b<*2a)ay 
at«fcy ti3tB*<it< % ^o. mi tmzomymiz&if 

9Jy3HS«PA^»K2<D»jy«JS»T*(D« 1 o>»jy« 

[0 0 4 6] Sfc. 9l«a>tt^JR2a>ay9f£liAfiKA 
[ o o 4 7 ] ft KDffi y 8MB4:* 2 a>9J y »«*<J1«:& 

_h^^cfc5(c. »jyaMB©*t^*2 6E>«y*^ 
&a*tfca*na*<. ay»«cDj£^*i(oay*(=iijit 
~t&t^. MisaixiS3&<«2a>ay3tieT^e>^*tr» 
^^icatL/c<t Ltti> f 1 ©ay»«M£i^fcA& 
(=, wiB»«>ica*Lfca*LiRA<« 1 <3>ay3MB»i=sja 

[0 0 4 8] a^b**Sli*»«4»(=** K-t 0 ^Lfc 

»»i=K**#a*sci*«-e#fc 0 *fc. hvp 

— tf>^StTof=ISR0>Sft«i*SW*H 3 0 

0/im) *^«LfctC5. Hi:«at«.ti=***±< 
K-t o >^XrL^^l^IB]i:^lMc0^b^^ftflI<hh^:-< 

**t«iiit©»*aff*a(=«fcor±c6sya> 



(8) 



-085736 



[0049] ai&icoix-m. mfr-eit&i^ mt% 
[0050] *HJfe6D^Stfi*. JBi©»yaia)»rtfc 
So hx^^>^li. sa«K. 

IEx^>^£fr5fc#)f::f£. U V^=y^-(— Stffif(c<fc 
[O O 5 1 ) *3Ittfc*fl2jj6*&«!: LTfi. *Slife<Dfl£ 

ygtte. *2a>ay3f*s«fcy*j£< L^i+tLtfft&ft^ 

[0052] *SIJfe<D^K-pr*. 

2(7>my^ff^cfe^xri. ^W**w*l 

.a-o^tfe. 3i»A^Rr 
Hi-efcy. ^Vvv^x^v^ieit^-c. 30 

WIWtKBWx/x— *JWy«i*ffi«3&t*ftL^©t? % *- 

[0 0 5 3] ^b(C s *SO60>JMre«\ S^tticx^ 
7^7>f>BILM H11 (c) (c^-Tcfc^l^^ 

0/imlSlT, £L<f£. «l<DSijy3|jeffl^P>IB2(7>9l 
y*JS«*Tf0)«J»fiE»A<1 5 0 fim&LTXfc&Z.tti< 

iif*L^ tzt£L. mtmmmte&tfmmmmit. &m 40 

[0 0 5 4] *HjS6a>^«t?. GaNS|« 

Lri50/imgJt*^i<L^ *S&BJ3#t>(::«fc5 

(i2 0 0jUmJSlT*<»*L<. ^bC^Kiil 50 

e > y-r 3 - £ re j: o r «a*<ss ic # o p/f.Mo 
yjk<^#B!r-&fc«>(=f*. 

3OO/im~6OO/imT?fe^0!:^L 50 



[o o 5 s] *mm<Dfim(»&5iz % si©i]y»©s 

K**(£a<!:. »2a>ay»©*«+*tt«i#-»L 
^MT\ ^x/n— $^^^j|*lc»a-rsc:i:*<St.» 
£LU*<. ^DJl^ ( g a N&;j£tf>Jm<^) j&<»-r 

ttIE&jSA^"r*LTa*Lr L*5«IrIIc^-5 0 
££>{c. S1 (7>ay*i:K2a>ay3ft^&LrLN35: 

t^stfii. a*uc<^«siu:fc<5c£*x&. 

[0 0 5 6] GaNSfiOi^TIBtlt WlCHfcft 

ft£yic*arrt?-&ir. ffmbeDfc&eozJn-trx 

I* 5 O /i mlSl-tA<a* LL^o 
[0 0 5 7] *fc. »*K-bf>yS*lfcGaNiS«4 

W:GaNSss*<n*aiLt, sna>ayaia> 

JSV^3R20>ayXa)JS«P^a>«l»rE-K£)S< Lt^j: 

fcGaNSi(DJf^t|Hj|i[C s 2 0 0/im£lW»*L 
<. $bH^l<(i1 5 0/imJsl±tf 

[oo5 8] (itt6a>^«S2) *SlJfe(D^2t?ri. « 
ia>ay**«=:«3a)ay**»jaiLr, ^^^»a-r 

[0059] i2li. Cl (OOOD n^Ga NSffi 
200. nSGaN/b77i20K nlAlxtGa 
t-xl N^7f KI202, SttB 203. piA ix2G 
a1-x2N^7^ KJ|204 % piGaNq>^^7 hf2 

05. niiis206 N P fflM2 0 7. *ia>ayai 

2 0 8. IS3<Z)ay3t2 O 9ANt>«/a*tLT^-So Ga 
NSf 2 O Oli, SiSSS 5 X 1 Ol5/cm3 K-t° 

[O 0 6 0] B 2 ©Hkft*#**fty K(DBfi 
[o o 6 1 ] »Eaft**»i**fty^^-— R*T£ff2 

[0 0 6 2] ±fE^X/\— (DG a Ngffiffl£W§ 

WcfcyWBLT. 4SK-e>^iifcGaNSfi© 
1**2 5 0 itim(c-r^ 0 Ctf>£^. iia^gaicL 

y»*«K-TS^35<3Ei:L^P>-Cf&-&o 3fcl=. ^^H* 

nS««©a>4r^ h«Bt©«3Si:MfijHi$|j6jh 
^6/=#>(c4t3o SSl^T. P iGaN3>^hi20 
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5±{Z^ P d (7 n m) /A u (8 O n m) GDHIfC,. S. 

»piig2 o 7 $oiA-itii:iiLfci, mm. 

(DmmZmXLtetft). 4 5 0°CTrN2iia*T?7- 

SIKcLt, Ga N&KMC:* T i (1 5 nm) /A 
I (1 5 0 nm) |:«fc^nlli2 0 6$, ^X/\— £ 

[o o 6 3] SMB^3i/\— Sjf-f-tJ-— l^-fe^ h U ^n: 

A-OGaNSSBCs GaNSI(D<1-100>^ 10 
^l:;ftot, i^50//m, tMR3 0/im. t°7f 3 5 
0 Umt. < 1 1 - 2 0>^|^3 (HUlE< 1-10 0>Jj 
fS]<h^lE^[S3) C^ot, ;g£5 0/irru 8^3 0/1 
rru t°^f3O0/im^ fg 1 (DtU U * 2 O 8 
^^2 0 6tf>JL7^£>J?2/?EL7co 

[0 0 6 4] S£i (Dffly*!*. »«*J»<D 

»a>»*U *3ltBa©tt*<ktlfti:, nil, pll 

[0 0 6 5] Sfclc. <D*Safltfi«ja>S (pit 

1207) lctt*->— KSttftL. X^^-f/<— 0)^— 

-e. *i a>«iyat*»a>i5is**ii(c»or. tf^3 

5 0 Ai rm 3 // m. g|5/imj< 1-10 O >7^ 30 

I^LTSlT^] «1 1-20>M t°7f3 
0 0/im. ;^£3jUm. 5 ^ mT? j|1 (D9J y 

0)(5lS*ft||(c»oT-|HlX^^-f ^f^o d£>*i(::L 
X35O/imX30O/i mft (D^ V ZflZf+Z) £ 5 [CX<7 

Loose] x^^-r^a. aaf^7^s»tti^ ^ 
p~7~^»LSts¥i:iy, 2-r >^^cD0x/\— 

frb 3 5 O /i mx 3 0 0 /imft(Df 7^MSf: 0 ^ 40 

-r\ n»^A(D«iL%»**ymLfcB!r. *«*yi*9 2 
[oo6 7] *ns6^fl^sst?. *H*y A<Rffaa>»« 

£*3a>*y**»i»u «3a>»y***i(D*jyai 



gc^ofc^^^, *3(D»jy?R*jB 1 y */Sffla> 
o t ff^t- * c t iz & y . m 3 cosu y ;g 
icj:orsij*Lfc9J+Lfa?&<. n <oay3Hc<fco-ca»M 

[oo6 8] «y*£*««icH*rtLfc<ai*. $s 
[oo6 9] s^w*an*a«+«ctt[*K— e>^ufc 
[0070] *sj6©»iit?r4. jBi<oay*o>»jaic 

x^^>^W(c,fc-&<b*Kift*afe^3(*»jaL-Ct A 

u\ B K^x^^-efc+ui* flnjxfi. RKtt-ft> 

E c R i f * Sffl -5 c i: j5<i? t 

£ Q ox^> hi^f^i*. -jvWk. mmm. 

[0071] Main«:9t^jie«ae^ lti*. *xtb0>ji$ 

x^7^f 1 (Day,Hfl2fi!er±. fc*y»* 
[0072] #tz. ^mmmmxit. sk 3 an yam 

3 CD§] y ^^(CfeLNTl*. X^ ^-f L 
-f>£fl£j*Lf=J&*. 01 (c) (c^ - ^ - J: "5 (z^jx/n — CD 

x^^sp^ico^. -^(Difiif^mmLxm^wiL 
t> ^l<(4. ffi3a>ny3fjev^&ttAjSA«(DSs 

[ o o 7 3 ] *mM<Diim<b& a ic % * 1 ©a y 
K3o«y*t»jaLr»»w(=»<*ofcai»-c. ^ 
x/\— %?-y'?ttm'f&tz<sb, »3(Dfly9fjeffi^&ti 

l < (4 1 50/i miuTT?&£ 0 rnimvimmM(Dm^(DT 

ft<DfcA(D^P-bx4»(cOx/\--A<a*i-6r L*dfc 
SW»r3B«lO>TIS(fif*5 0jtimJa±3b<M*LL^ 

[0074] ^mm<DmmxmmLtzi&m^ k- 
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[0075] (SlJ6(D^J6 3) *Hifea>^JS3-efi. ft 
i©»jy3|*fc*3(D«iyai«»«L. £&C:mBft3 

[007 6] H3(i % C® (OOOD n^Ga Ngl£ 
300. n!GaNA + ^77l30K nlAlxlGa 
1-xI N =7 y KJ1 3 O 2 . SftJl 303. P iAlx2G 
a1-x2 N<7^*V KJf 3 O 4. pg|Ga Nn>^^ hl3 
05. nSIl3 0 6, plll3 O 7. SB 1 0>fl y 31 
3 O 8 V m3CDSljy^3 O 9. «2(7)»jygt3 1 Ot^£> 
i***Ltl^o GaNlffi3 0 0 4>|ZlittiSSlx 
1 Ol6/cm^F-e>^LXL^ 0 

[0077] H3<oM^b«a^Wt*:»3tey-<^-~-K(DK5t 
[O O 7 8 J WESfbtt^W****^:*--- fm^&fc 
[0 0 7 9] *?\ IfH^Xyv-^G a NSSftSli 

£«®tfcL mmt^-tz) -t&cDit^ mTi=2^<«fly 

[0 0 8 0];^:, :7^»*L<tt»«»**fc»l*fr 30 

lGaNH>^^ hl305±C, Pd (3nm) /T 
i ( 3 n m) /A u ( 1 2 n m) <0IH(C % 2*14 P £!% 

8307S'Jvy77-f — K«if L*=&. 

aso)iii**Aiw^, 5oo°c-cN2#@m*-e 
r --~;u£frof- 0 ca>d£c:j:y % paafflBtticj: 

S=i>^^ h»trt0)fi«tft4b*<#b*tfco ±EpHS« 40 

[008 1] Oxy\-^SILiat, GaNl 

MlfC. Mo (1 5 nm) /A I ( 1 5 0 n m) (C«fc£ 

t5„ dO>B#. ^Rjtftffl(7)pMma^ 0 ^~>CDjFf^{i 

y**»ja^<s:i^a)«a3ft<*«**LTt^^««* 
-a*i*€>o 50 



[0 O 8 2] BUfB^X/\— Ztfj-y—iz+ry y. L% g£r^ 
ZL/\— COG a NSffifflCl. < 1 - 1 0 O >7a[S]fC; / n v ^ 
T. gg£2 0A<nru «fi2 0/im, t°^^3 5 0/im 

<1 l-2 0>:£ft (WE*filtSlB*lR!) l=»o 

ax m 1 a>9jyai3 o 8 £Bf&Ltz 0 is 1 <jmm y an*. 

[oo8 3] x^^-r/<—co^-f Ftf-e. 
f§ 1 a)S(y8lJS»a)r5«itift«(c»oT. e^3 5 o 

LTMlSTafBl (<1 1-2 0>*|&I) t°7f 345 

A*nru ;^^5/im. »K 5 /i m-CSg 1 (7>#J y 

50/imX345// mfaCD^f- v Z?\ZLtS.Z) & 5 |CX ^7 ^ 
^-0£A*U m3CDfljy^3 O 9£fl2Jtftf -So 

[0 O 8 4] «L*T\ ^IL/N — <7)G a NSt*SOlCfe**> 
— h*littU X^7-fA~Of-^±i:GaNSI 

ffl£TicLT?iyft-tf\ jttft7^T?as«. as 

(pSGaN3>^hl305|®) JbfC. t°^^3 
50/im, 1^0. 1 // m. 5 /im£< 1 - 1 OO 

T^f^LTMll^fp] (<1 1-2 0>7^]d1) [c % -m 
X^^-f^^-^) 0 C0il:lt35O^mX345/im 
^(^-/^(C&^dlCX^-f :^>f >£A*U «2 

©nyai3 1 osm« 9 fc*=u nzomvms i 
o(o^jSfeg(i v wjElB3a>9jy*3 o 9<tr5fS-au 
tc^M^^-^o ^fc. «2<D»jy«3 iotn (D»jy 
S3 o 8<t^fcms*<«s^^r^*^etsic^ia-r 

[008 5] A^^-f^ft. K£^-V^£fi?teU O 
X/\— Sir— ?^6nL«y, GaNWJ^bg< 

^b3 5 0/imX3 4 5//mft^f 7^JM#/: D T 

[0 0 8 6] *HJ60)^JSt?. #®*y&<BrM<Dfl2tt 

**i<D»y u ^px.t. jg3a>8ty»^ne 

&o ZL(DZLtiZ£. y . £^ffiCDff^2<7>?5 
SKoi^TI*. *S60)»»1 i:|WlL:T?fc-& 0 
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& % ec ri >ya?(D#a$ i^s c <t a<t t 
£ G y^m. mmm. 

£fr5j&Srt<fc5o 10 

[o o s s] yamMtemMf&Jj&t Lxit. *mm<nM 

7^^MLttSL\ L**Lft*<&. ® 1 <&9jy 

y m^v>tem^<7^ l^a*. ±ibx ^ ^ 

11 £»3a>«y*fl*rt(:zfeLvcte. X^77^f7 20 

[oo9 0] $z>iz^ *g|jSfca>ff^-ei;j:. fe^ttcx^ 
^-f :7^-f >SJ&j5RLfc*<. H (c) [=^-Tct5rcO 

0/im£JLT. £L<f£. «2(D9Jy«JSffl36^«3a>9J 

vffim&-£x*(D®m£mtfi s o ^mijiTtfc^c:^^ 
[009 1] *nm<ommx^ igistK— t°>^t 30 

fcGa NfilSil L t 2 O O mia*-(?i < Lfc 

"*-£fctf>[::f*Ga N*«0MS£!i2 0 O /iml2lT*<»* 
L<. ^bC^Klil 50/imkLh 

S«±{*£PSLT*<-f SffclCs ffl»WfC»GaN36 

CD9J y »0)JS«iS 3 CD9J y 3f OJS« «t <D«JHrSESi£& 

tf V^SffofcG a Nlft^i^lC, 200/im 40 
JsTF*t#*L<. ^bl:Kl<fi15 0/imOT, 5 

O £ mki±-efo£ 

«2(D«y*ag**< % fifc*#aw***Ji(Dfi«cfcya 

[0092] H3 4l£. CM (O001) niGa Nil 
400. n!GaN^^77l40K niA IxlGa 
1-xl N^7 7 KI4 0 2, Sttli 403. piA I x2 G 50 



al-x2 HO^V KI4 O 4. plGaN3>^^7 hl4 
0 5. nSll406, pllS407, K 10)91 y 3f 
4 OS. |g2C09jy^4 o 9fr£>mj££;ftTl/^ 0 fjfH 
G a NS«4 O 0|£. iSm;m^2 X1 O'Vcm^K 

[0 0 9 3] i4(0SifcWS*M^Vt- K<DS3t 

[0 0 9 4] iilT(C. ±|Baft*#*ft:jg*y^^-«-K 

it^£ff2j«L*:^x/\— (D^y-jftmiz-o^xmw-? 

[0 0 9 5] ije^IA-roGaNSfillSii 
00/im(cL. M^diL^-r^o 7^8 

ilia o Dfcill^tfl^IS^ I, P 

[0 0 9 6] grfE^m/N— £U Wyy-f—fex 

hS) £-hdLT. SJ6tt>T^->x^^>yga(c-tr^ 

< 1 - 1 O 0>^T[S](C>^oT. m$ 0. 5/im, «1 
O/im. e7f3 50//m^ <1 1 - 2 O >*|Rl(Cjft 
o"C. ;^£0. 5/im. O/im. t°7f 250/i 

m<D. jB2<D9Jy*4 O 9 &mf&Ltz 0 ^CD^ 7X{7 
£&yR£#,. plGaNH>^^hi405±C, Pd 
(4nm) /Au ( 1 O n m) <Dll!lT5\ IMpIlS 

[0 0 9 7] ;^{c. tt1Bp««flSA*frofc«5x/\-- 

Sl(08*S9ALWb, 5 5 0°CtN2#iS 

[0 0 9 8] ;^[c. teS/S«*0©® (pIIiMI) 

HS». "e. G a NSfi«0S±l^ t°^^F3 

50/im. ;^£20/im. «B 5 0 m t , t°7f 2 5 
O/im. 2 O/im. 8fi5 0/im(D, jR 1 (Dffl y 3f 

4 0 8£. ^tL-?tt< 1 ™ 1 O 0>*|pj<t< 11-20 
>*lRllC^iaLfco :0S(:lT35O/imx25O^ 

i<z>ay*4 0 8Si»«t4. tcfcL. jBia>9jyaf4 

o 8 <D»jjHft«(*. ft 1 9J y 3ftD«KI5 fl-|H» 

2(D9Jy3t4 O 9fi<-3Sct&£5\Z't& 0 

[0 0 9 9] 5f>fi»^ftt. SSfA^y^SffKLs 0 

l/\-Sf-^b^L^^ ^7Xy\-(?)GaNSffi 
ffl'J±®|C % AIJ51 5nm(D^>^Xf> (W) /IH 
50nmCOr;U5 (A I ) IC«fcS nlt«4 O 
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T£*C:J;y. 2>f>f^OiA-^b3 50//mX 

2 5 o/imfto^^^s^scitfco Tvzrowmmiz? 

[0100] #HJ6<0fl3JgT. *S*yft<RffM©P« 

ML, Mo. -JSlcttBf-rscirJtK* I20fflt)l 
e»*Hb»«Ht«*IM«fc« *S5<»«U S2 10 

cofij y 1 a>« y 9MK£ utSKimLfcctict 

[o 1 o 1 ] o^y. ASRtiKfi^PIXoaftlfe^V 
ttfl§*< K— tf >^ £ *IT I* £ fcA&^MtfS^ ic o c 

* at < „ ft 1 am y 2 cogj y * * y * am^jK 
c^iccty. «2(os(yaiic«fcor«i*tfca+L«A<. s 

JS«BrE»-CiWL*fc*!)lci*. ft 2 0>9J y 3iJg«W>^K 

»2 0>9jy3iigfflJT*<D« 1 osjy »o>je»a>fir«i3&Mc 20 
Tfc£ 0 

[0102] ^fc. «2a>aygfi6«p^ s*b*#*i* 

aW5a>»^JB2o>«iy3l*jg»«ft«a>ffiir 
fc. ft 1 (7>#j y am <t ft 2 am y & « a * r*. 30 

[01 0 3] LfrL&A^ »2(7)9jy3|*x^T>^ 
&fCTlfcj£Lfcfctf>. ^p-trxxs*<**tr=«:y. 
^-T^(ctb-<r3fBA<*:#<. *—>x/\— sfc y 

[0104] Bft*#*#at«+r=**K— tr>^Lfc 
[o 1 05) **J6o>»«-ci*. ft 1 a>9iyaia>»jit(= 

x * ^ >^f»|= J: *<M6««c*aT?3|t»Kl LT t, & 40 

>g> 0 i^x^ hx 7 f>^(t mi** ?vm. mmm. 
mmmt tma>m&m%imtf & & . 

[0 10 6] »Stt&»J&j«;fr$£<h Ltl±, *^Sfc<ftff2 

7-f?*«ttffllttfil\ LfrL ft1<7>9Jy 
JB2(D*jy3tlB«fcy*l£< Lftif*Ui«:&ftl*fc 

x'^^-f ^(Ccfc«« ia)»i y*»fiKi4. **y»* 50 



Ll^tttl^ftlV, 

[0107] Sfc % *^fctf)^ST(£. ft2 0>9iy«*S 
0>»J*(c K^-f x^>^£tefflL?cj5<. ^x^> hi7 

LfrL *HS60>^®<Z>. »2 0>9iy3l 

*=&#?sli*o a-tfft&ii, d*Lt>a>x^^->>fat^fij 

[0 10 8] *fc % *SIJfea>^!St?. tf>^L 
fcGa NlSSilLTI OO/imi^tK L/c 

guslis 1 T5£-<7c<*: o ic. ^v^itm&mmz 

L<. £t>C:aF*L<fi1 50^mOT, 50/imJ^± 

[O 1 0 9] iSfftK— fcf^SfrofcGa NSi 

Ktl)M<i:LT, ft 1 O>fly3f<DlStt£ft2 0)9Kj 
Sa>JS«P£0>«DKEK£lS< LT*cfcL\, 

H^<h|H|^[C v 20 0//miaT^*K, 
L < (4 1 50/i m£lT. 50/i m£UtT&6 

*HJfea>^®(z>9jy3f(c*Dx.T. ft3(D9jy3tt lt. 
fti<D9jyat+ab^LM4ft2o>9jy3i4». £l<(£. m 
1 t*2o>«iy3isi*i=. x^7>f^7^>^Mir 

5 1 >>^9ILT^ig:t^ 0 ^fc. 01 (c) 

(c. ftia>9jy3t*L<ttft2o>9jy»(7>x^v;ffl» 

^X/\— (D«RJ5^1 5 0jUmiUT. t L < (4. 

ft 1 com y ausffi^ &sr 2 cd9j y mm^xnwmm 

A<1 5 0|£mlslTT*-5Ci:3b<»*Ll^o 7c 7c Lx WE. 

[o 1 10] mmaimms) ^mmcD&msiz. mm 
mmw. « 2 o>9iy Sfl:«B¥«ftK&a 
ft»#»(*»«tcDjPHtt«cfcya<»«Lfc»fta> j 3F 

[01 1 1] Cm (0001) ng^Ga NSffi 

500. nSGaN/b77B50K nlAhlGa 
1x1 N^^^ KI502, ;f14^5 0 3. pl^A I x2 G 
al-x2N^77^ KI5 0 4, pSGaN3>^^ Kl5 
05. nlll506, PIS8507, ft 1 0)9J y « 
5 0 8. ft 2CD9iy/ : g5 O 9frhffif$.£tlXl^& Q flfB 
Ga NSffiSOOfi. itm;mSl x 1 0' 8 /cm 3 ih* 

[0 112] B5©£*btt#*tt**y-f;J-— K(DS3fi 
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[0113] »-fi=. ±mw.it®*m&mftv^*— k 

[0 1 1 4] ±ffi^IA-fl)GaNSfii£il 
iiaU^lLT, **K-e>«ilfcQaNtfi(D 

ftlcfrda ficl^T. Oxy\-$HL(^LT s G a NS 
fift'JfX. T i ( 1 5 n m) /M o ( 1 5 O n m) 

-f -t*— -<d^— r?;u±(c g a n ±f= L r §i y f* 

It. I$f^^taS«e H^». ^-fit— T5\ G 
a NS»J0® (nW®) _h(C v t°^f 350/i 
rru 1 O O U m. ISIS 8 O/imt t°'Vf 150// 

rru gg* 1 OO/lrru ilg8 0/im(J), |10)|JUS5 
08^ Zrtl^tK 1 - 1 O 0>Jjmt< 1 1 - 2 0> 
*lRHC?aoTfl2J«L/=o -(Dil:LT3 50/imXl5 

*u * 1 ©»y*5 o s&l&fitt&a ^v>m x 
[o 1 1 s] 3feic % ^ajaftffl(D®s±izLr ( P iG 

a N=3 >£<7 hJH8W>l5) . JSJ^1±>r^->X^5 1 >^ 

ja*®Jl(C % ;^4//m, 8IS2 0/im, t°7f 3 5 O 
/imt ;^4/im, Sfi2 0/im, t°^T 1 50/im 
CD. |g2 0>9iy»5 0 9|, f^lftK 1 - 1 00>* 

ipjt<i 1 -2o>*iRi(c?»or^jaLfco tzt£L. m 

2<Dmvm5 0 9 0>Mj&iiLW:l£, m 1 MUX 5 o 8<D*a 

[O 1 1 6] ^(D^. ^X^£^yg£^\ pSGaNa 
h!5 O 5_h{C. % Pd(2nm)/ / Ni (2n 
m) /Au (lOnm) (DlliCl. 'JV^7^^-SI^ 

lA l^^b, 6 O 0°CT?N2#ISim4 3 T?T-— ;U^fT 

[0 117] ^X/\— ^SilLfcLT. GaNi 

— ^— -e»L^T^*(Ccfcy. 2-f >^0CDOx/\— 35> 
b3 50/imXl50/i mft(D^^^^^^#fc 0 ^ 

t\ n»5FacD*i^**«iyaiUfcBf. *H*yi*9 8 



%£Ut-T?&ofc 0 L3&*L#J&<&. |g2fl>My78£x*/^ 
2>^»(CTfl&jaLfcfcft* ^P-feXxaA^Jtlctty . 
x^-f ^(zJt^<raMB*<*# < s m-^x/\— afcy 

[o 1 1 si ^mmotimx*. &<mma>mvt 
a«*«»*L, itrE«2(Day3tisffl*^b«i#wtt: 

10 Kt«IE*«i©#Hcfcy i ti»<^rtL. IB 2 (DM y 81 
0)*jyai*J:y *9»<«rilLfcci:(cJ:-So o£ 
y. H»©aft»##*-c?fc-&c:i:A^ 

y *«»*<aft«i*»tt:iKt*«i:fl)#a«fc y *a< . 
m 1 (DM y * 2 cdM y ;g y £ i^cticj: 
y. *2Q>Myan=«fc^rM3h.fcM4x«35^ mummz 

mxmtiZ>tzdhiz:i£^ M2(DMyXJji^£Kig2<DM 

y atJK»T*a>fls 1 com y »o>js«(Dfa»M::Hs-r * 

20 L**tt<. *Hli-te*lRl(c^#BB**L5ci:*|»jhL. 
Bf H <D ^ ^ « R * c # * fc ft fc * o 

awBo>i»L^» 2 a>M y **«»«*«©isi=»ja Lfcflo 

y3MStK20>MyaHB*<*39:*3lfttt % MfrDKBl 

[0 1 19] ££>(c % *2(DMy*SfflJ35<. Mib^#^ 
M<tSffi^fl)#IJ:y taiL\fcft. ^^/^»M0)R 

30 St^Cir^t^o *2<DfflyaW£SP*<*3R* 
^^^Mtt, K— e>^LfcSfl:*#» 

»s«-?-(Dt,a>a>»Mt?&y. K— tf >y l 

[01 20] *njfe(D^»-c?r*. *i (DMy»©^jiHc 

x ^ >^ic £ 3 <b*»ft**-e9l*»ja LttI 
40 U 0 K^>f x^^>^T*fettlf. flliLJf. JEJStt-f^|-> 
x^T>^;&. iS-ft>e-A 
E C R x f > J ^ ffl L^ ^ c t ^ 

Ox^ hx^f>^lt fiditli. 7*;», SftSfK. 

L^b. jBia>Myaii*. *20>My»«j:y*i£< 
x^nRtt. fc*y»*Li>ii*i^xfti^ 

50 [oi2i]*fc, *SMBa>»«-ei*. SR2(DMy3HB 
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^t^o l^l«c36<6. *8effia>fl2Si<D. *2©»yai 

ex =5- ><?^fj 5 tzthiat. uv^77y — atgrc * 
[o 1 2 2] *mm<omnv\t* mi <om<>) mtmzo 10 

»jy»*»*Lr«»Wlc3»<a:ofcai»-e. Oxa~ 

S^^^w-r-sfcA. si ©9jygis«;^t>jB2a>sij 

mmi^. 2 0 0/imJSlT*<»*L<. S L<(* 
1 5 0j«mOT-efc^ 0 »IE«IWfaE»(DJ5^(0TI8« 
14. *$tcB9fc>fei**<. feSyic imb(7> 

WSrSaiOTRaflifi 5 O /£ mJ2Lh*<S* L I*. 

[o i 23] ^mmomm^mmLtzi&m^: k— 20 

f^LfcGaNSfilt WUUiGaN«(Dl 
^2 O O # mcfcy LTl^ 0 C^C^lC^U, »J 

y*»JanT?C±«IWr**i-l=<L^5C=LX. 

[0 1 2 4] *H*fe<7>^<DSljy»(Cjta^r. !&3<D9J 

tiKit 11 ^»2©9jyaii^*rc. x^^^-r 

>*^ritUT^^^9JLTtfi:L^ H1 (c) 

(c^-T J^f— »1<D9Jy»*L<(*8S2Q9jy3J(Dx 30 

l<i±. «ia>wy3us»*^*2©ay3ije»*T?©« 

[0125] mmo>tem&) ^mmmmeit. mm 
mm 1 a>mm k— e>y Lfc»<b**»4MMR (bfb 
^<7)jm^i so/im) k— t a >-y*fro-c^ft 

i^Mfls«a#aW*S« <3FS»0>J5** 1oo/im) (c^M 40 

Lfc6U+l*. H*6a>ff^1 il^C^fe^o 

[0126] *n*fecofl^Sa>T^^W(co^rittB^-r 

H££ 1 0 0 //m(C-r^ 0 
[0 1 2 7] hME^X/x— ££Vt>— fC^y. GaNS 
I^30/im, fi(S20/im, t°^f 3 5 0/i 

/<— jC*y. t°7f 3 50/im. 1^0. 1/im, « 50 



s umcomzcomymi 09£im (b) ic^-r^j^ 
it. fflfBH 1 cdiu y s 1 o 8a>^ti<Di5(S*A^^-Si 

rtll*. ftft«l*aM*:l=»Lr<1 1-2 0>^fc(i<1 

- 1 O 0>*fn|^fe^ o 

[O 1 2 8] x^>f m^-v^£ffl&U ^ 

x/\-*^-^u3&^&nLfl»y. «iAAAfi3^&e< □ 
*i^**«iyiHLfcHf. *«*yr*9 2%j^±^feo 

[0 1 2 9] *HSfe<Dff^T?. *®*y 9 0%kLt(7X 
-JSlzfflBfTa §5 1 <D9J y,H<hfg 2G>9I 

y»*»*u. *2o>ay3tfd:fti(Dfflyaws^y 

«l<D»iy»A<*2©»|yai < fcyt3MB3^jK 
< „ rf^o. 11 <h«2 0)9]y»(c»itT«JBf^--Sc < t(c 

•fcy. «2(o*jygt(CcfcoT»j*L/=»j*L*a*<. sfifott 
siiS-esj h ztztbiat, sn 2 a>»j y atisau^ ^mm^co 
m y at jsspt*cdS3 1 <d»j y »a>K8pa>fir«i*N(ciij3s-r 

*L**ft<* «BH±*i*lR»c^*iB**t-6c:i:*lftjh 

*o aMBa>a^«2coayai*tt»**«a)ffir=»fi6L 
om y atts^ft 2 o>m y swi^^iiii, n«5a>^ 

[o 1 3 o] %lka>]&fi 1 ^it^<^<h. 5=-^^CD*B* 

d>«c < fc 1 2 o^jzo>9j y s*ffmi±T(c. -jgfc^ v 
zf^m-r^mmz^r, *B*yi*«n o%^_bfSi_h 

[o 1 3 1 ] *mm<b&mT*i±. m 1 a>»jy^<z>^ic 

^ 0 ^x^ hx^^>^(i s ^^H. IftfiS^. 

[0 13 2] *«»ftSHK**ati LTlt *H)5fe(0^ 
|-e»Lf:^y>^l:J;^A-7^7 h(7)ffi, 
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&u x^7Y^i:^^f 1 <aw y *»rifci*. **y»* 

y 3MB<D^Jie(=X^ 5 -f :7£ffiJB L JhfEx v =f- > 
[0 13 3] **Jfi(D^ffi-C(*. ^t[:x^7-f^7 

-o*fl^fitLfc*<. mi (c) (c^-r^5(co^/\-a> 

Tt^t\ CO>i§£\ (DfeKISA<1 O O /i m£l 

T\ £L<f£. fgi a>Hy»Kffifr&ffi2a>My3fJSffi 10 

K— tf > ^ * tlT l> <h (DfitT? & & o 

[o i 3 4] «X£ K— LTl^ft^Sfc**** 

»*Ll\, **BJ#t>lc«fcSII»(cJ:^t. SHUK— fc? 
>y*Lrt^l^b***«:*S(Da[*l±1 5 0 Jim 
ElTtfW* L < . * L < (4 1 O 0 |i mJ2lTA<» 

*Lfrofc. i&m K-t?>ySLtl^l^b**»* 20 

st 1 y »(3ojes <t ^ 2 y »o> JEW £ <d«dkek 

5 O fi mUTtm^ L < . £ P>IC»* L<li10O/im 30 

[0135] (nsfecD^is 7 ) *nna>»m i it. mm 

^I^2 5 0/^m) SIK- eV^^fToTl^ 
t>S<k«8^Wft*« («B«<Dl*2 0 0/im) (X&E 

[o 1 3 e] ^m<omte<DTv?&mz^i\TW9iir 

[0137] ^lA-aJGaNSSUSIlfiaUi 40 
lit, K~t 0 >^^J|^rl^^^:l^G a NSSCDJJ^ 

grtE^x/v- sy-fu— icj:y . 

G a NSffifljfC. < 1 - 1 0 0>*|pJlC>^or. 5 
0/im, 8113 0/im, t°7f 3 <1 1- 

2 0>73fRl(C>Uor. ;££5 0/im. «3 0/im, tf 
^^1 OO/imCO. WlO>ay8t2 0 8*»jat"4 0 M 
l^T. WfEB2(7>iljy / ; tJSa5^(5lS**:^(=> / a^T. X 

^•ya— (Ccty . < 1 - 1 o o>*[piic^or. tfV 

f350/im, 3/im, $$4>S 5 U mi, < 1 1-2 

0>^iS]|C^oT. t°^f 1 OOjUm, I^3//m, 50 



m 3 (7>§tj tj j|2 0 9 niBffi i costj y g 2 

[0 13 8] X^7^^ I£ft^^JI8ftL, O 
XA-if-^6*LBHI, Ga NStll^bS< 

n — =?— -elf L^T^^(cJ; y. 2-f >^0<DOx/\— 

^b3 50/imX 1 OO/i mfttf^^S^Sfefffco 
[0 13 9] *HSfetD^S-e. *S*y 8 5%£LbOK 

ys^Mi, *3(Day*siBia>»jy**(ciii*L 

i . m 3 cosy y sk 1 cd^»j y aus«a>racis**«(c» 

0 r ff^jiit l f= c t cfc y . % 3 cosy ysiCcfco tsmx/c 

9J+l«A<. H 1 ©»jy3t(=«fco-c^«PMlz»< 

^fe^Xfe^o ay3t^S««<D®(r^jSL/=<D(±. ts 

1 ©Sjy3JBi!g2a>»jy3IB7bWcC^S4r4. IISfi<7> 

[0 14 0] mMG>mWi2t&.'<Z>£^ s ?VZf<D&&3z 

^S»J-T^tt*(cjJ:-<T. *fB*y(4»1 o%j^Ji[pi_h 

^icoiNTfi. HS6(D^S1 ilHjCXfc^o 
[0 14 1] #HSfe(Dfl2!6-ei±. 11 a>»jyg(Of^jS(c 

So -)x^ hx^^^ii, mz.it* ?vm. mmm, 

[0 14 2] «B31KlftSH&fi!i*at LT(4. 

sr*. JB2a>ayaj*B«fcy ^fi< L«ci+*L«ft&3tcivfc 
#u x^^-r -^(Ccfc^^i ©wysuBai*, &*y»* 
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[0143] **«g<D»ii-cr4. tt^tticx^-f ^ 
-o&mf&Ltztf. m 1 (c) ic^-Tcfcaic^x/x— (7) 

T£&1^ d(7>ii£\ ^lA-«I^10 0/imW 

*-etf>«j»r*ES£*t. ioo/im^Ttfe^c:t»^i 10 
[o 1 4 4] i&mz K— t°:>^LTi>&i^bft#*# 

ETFj6*#*L<. ££lC»*L<f*1 OO/imfclT. 5 
[O 1 4 5] *HjS6O^S60)cfc5fC H <D»jy*4"(c 20 

##f*£«0>J5^£l^«l::. 1 50/imJ5lT36<»*L 
<. ££>(c#^L<ii1 o 0/*m£TF-e&£ 0 BiTfH^l^ 

ieaia>^a)Tf8flStt. «(=BSt»«:t^ fe* y ret,* 

£TL*5fctf>. »«WfE*(DTIR«tr4 5 0/imlSl±*< 
l*Ll\ 30 
[0 14 6] **Jfea)^l6T?PSLfc*** K— 

*Sfi©g^ 1 5 O ^ m«fc y < Ltl^o C(7)^<t 

i=<fcy. »jy»spj2i^T?«i«iWr**L^< u^dr^ur. 
[0147] mmomm s ) *hj6<d^® s it. mm 

ufcm^ri. nm<Di&m3 ±mcT»$>& 0 

[oi4 8] *nmormo^vzf'Am\^i^Tmw-f 

yiSLt, &fltK— e^^ftT^&^Ga NSfi© 

15**1 5 0//mlztl, o fjE^x/\— £#-f - (:<fc 

y . g a ns«c, < 1 - 1 oo>»faot, m 

£2 0/im. SSi2 0/im, t c ^f400/imt, <1 
1 - 2 0>^[cQ(C; / aoT. 

rru e^^l OOjUmCD. |g1CD«iyS3 0 8*^L 50 



tzo tt^T. HuSHSl<D»jy3flSSP±(D(3cIS*ft«(z:;& 
or. x^-f A— fcj; y % < 1 - 1 o o>^f^rc t° 

^f400// m> ;g£5//rru SllS/im^, <1 1- 
20>^ia]|C. t°^^1 OO/i rru ;££5/irrK 5 
/imOX m30)SljyaF3O9*^fiELfco 
ia*S0<7)ffl«C % <1-1 00>M(C^ot N t°^T4 
OOjt/m, I^O. 1 jUm. Jg(S5/imts < 1 1 - 2 
0>*[p]{C;^oT. fcf^1 OO/im, f^O. 1 // 
rru «5/im0, f 2(D|l|tJ33 1 0£fl2jSLfc 0 fc 

/=u sg3G>9iy3f3 o 9(D^ear*. meiskdsj 
y gt 3 o s (Dig^jifcsfjfHm 1 a>s y *«(sa>i3:i3:** 

ikmt. mtm3<Dmvm3 o 9 km£—3kLtziu.m.iz 

[o 1 49] x^>r ^a. s^^'>^*»t*L. o 

p-7-x*»L^rs*icj:y, 2>r >^0(^)^x/\— 

^b400/imx 1 0 0/tmftlDf*^Ba»f:o ^ 

t\ n^Ao*tu^**«tyajLfc»r. *H*yi£9 2 

[ O 1 5 O ] *HSfe(D^JBT?. y 9 O %kLh<7>. 

-file tfJBrf m3(0»jy3t*8Bi 0>HJ 

&^/c#f££**£*L& 0 LfrL&7b<£>. < k=bz 

*(cit-<r. *a*y(±*?ji o%UJi_hfa]±.LTi^^o 
[O 1 5 1 ] *S8«50>»BT?I*. SR 1 <Dmvm<DBmz 

^> 0 hx^^>^fi. «^.if. 

[0 15 2] «|««|ft3HgfiR*fti LTIt *^ffiC0ff^ 
*fi. *2i:JB3(DSiy3WB«l:y tl£< Lftlt*Llitt6 

y»*Li^i*i^&i^ 
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[0153] *fc. ^mmommxi^ nztmzoym 
y awsco»rii(=:x^ ^ -r -J^&m l fc ±hex vf> 

[0 1 5 4] **J6(D^JBt5tt. ^ttl=X^7-<^7 

-f >*fl£j*Lfc#. 11 (c) {c^^-cfc5(c^x/\— a> 

Tt&LV ^X/\— (7>tftKff3b<1 OO/imtl 

Tx tL<l*. «2a>*jy»J6fflA^6«3a>8(y3tlS» 10 
*-e<7>«J«raggl*<. 1 OO/im^Ttfe^d^^L 

[o 1 5 s] i^st^ k— e>^Lr^a^a«k«*JW* 

^ICt^f^CliG a NS$xtf>J¥£f£l 5 O ^mJ^T 

mJ2Ui3b<»*L^o/=o 20 
[0 15 6] K~ t°>^7 £tl~Cl^L^G a N 

(7>*J y ^<Dlg^<brm3(^)#J y SOJSSPt (OQKERifi 
< LTtcfclv #<7>. niBfDKEIBrd:. tt* K— 

t°>ySfroTl^l^G a Nafi©B^i:B«i:s 15 

0 /i rnUT36<»*: L < . £ bd*?* L < I* 1 O O misl 
Tv 5 0/i mKLhT?fc& 0 

[0157] (SU6a>J^JB9) ^lio)i§9tt, 
0>»«4IO*I||K— tf>^Lfc»fc**W#»« 30 
|0)I^1OO/im) *MSt K— fcf>y*ffoT^3S 

[0 15 8] *IIJfecD^S<O^^^»J(=O^Ti5i0J-r 

WILT, fit K-t°>^*iiri>ft^G a NSffiO) 
H££8 0/imCn o 
[0 15 9] iufE^x/\— £ K7-fx^f >^|cJ:o 
T\ JSa^fifi!J(c. < 1 - 1 0 0>75fS](c^or. 40 

1 /urn. jgffil O/im, t°^T350/im^. <1 1 - 

2 0>7d[S]{C} / p v oT. ^1/im, SMllO/irru fcf^ 
f33O/im0, ®2<Dfljy»4 O 9£Pj$L7co Scl^ 
t> GaNSfi«(D®lC^it-|Cj:y, <1-100 
>SffRl(C?9oT. t°7f 3 5 0/im, 10/im, 8 
*S50^m<b:. <1 1 -2 0>73fS]|-> / p v ^r. t°^3 
30/im, 3§£1 O/im, ^tl5 0^m<7). jg1(Dffly 

i4 0 8SMifca *=t=u Kia>ay3i4o 8o>» 
«e»i±, a 1 «'J y SKD««ia£is**f=«iB* 2 o>n y 
» 4 0 9 A<-aw -s j: -5 ic-r & 0 50 



[0 16 0] ^Vv>^/f, Kffi^-W^SfiMfcU ^ 

— ^— -eWL^T-S^lCcfcy. 2-f>f0fi)Oi/\-^ 
b3 5 0//mX3 3O/img0)f^^^if|fc o ^ 

"T. n^fi©*^«i*«iyHiLfcH!r. *S*yr±9 2 

[0161] *SISfe(0^1BT?. *g*y 9 0%£Lh(D. 

all. %2.(Dmymmu&mt^mw%%m&Wi&v 
ta<i«Ls *2a>«y*f4*i<D«y8HB*y t» 

[0162] ja«ISt,Sffiti^l^6!>^b«B^ 

B2(7)§ijy^!S^^b^#«^3 , cii&gj: y t» 
< . i cd§ij y 2 osj y at j; y taifiMti* c <t 

ICcty. m2CDfljy / ; g(C c toTiJJtLfcfim^^\ ^JaEJ 

BfSiKT?9J*L^t=tf>(c(*. ft 2 (7>#J y 3lJ6*Pfr 2 

<r>m y «/sspt*©s& 1 osj y sKDjeff^firA^icius 
[0163] *fc. mzoftvm&tMfi* m<m*mi& 

icrp/UtLfcfc^. -^p-fexxs3S)<aai(c3fey % x^ 

Lfco 3WB0)»t^K 2 (DfiJ y ft 

*fc. ssi (DaysMH^ff 2a>aygifl35<K3a:« 

x.^»^^o L^L3fe^6». ^fe< tti2ojfii±a>9jy» 
[0 16 4] ffiKoayaKD^jatc 

tx e K^-fx^^v^fe+ili. Mz-li* &m%.4Jr> 

^ 0 hx>vf>^ii mz-ii. 7vm. mmm. 

[0 16 5] «iS»*:3f^nlE*?±i: Lr(4. #HJgO>fl2 
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Ll^<h 

[0 1 6 6] *fc. *ii^ilT?ii, IB 2 y 3t*S 

K5-f iff ^ttffllfe^ Ox^hx^y 
fclV, L^L&&*&. *SISfea>JK!S©. «2(D9jyaf 

x ^ t >4f »£fr 5 fc *!>(:: li. y v ^ ? * —ftWC: j; 
[0 16 7] i^it£ K— e>yLTl>#L*Sfc»#»<* 

**#*L<. *P>fC»*L<Ii1 OO/imJUT. 50/f 20 
[0 16 8] *fc % K — fc° V^^tlTlA&l^G a N 

n^Ga Nat«*»»w«cj»<-r-5*ja£i: it. m 
1 on y su© jssp £ * 2 ©9] y m<om» t <j>w mmm * 

fcf>yS*L"CLV&:l*G a NSIOl^^l^IfC, 1 5 O 
T\ 5 0 /timkLt-Cfc-So 

[0169] *ns6o^cDfijy^{cjta^r. m3cDiij 30 
uitLt, Kio>ay3i**-6iM*»2a>ay»*i. 

^^Ltf^^aLTtftL^ Sfc* gl1 (c) 
(c^f^dfc. «lfl>»jy»t,L<(*jS2 0»jy3l<Dx 

t<ii. iSio»jy3iisw^e>»2a)9jy«/i«p*T?o 
y **ir l>*i^ £<7>firefc£ 0 40 

[0170] (Hflgco^lS 1 o ) *§ltfe(Dfl2® 1 o it. 
Tl*ftl*K<Mfe¥«i*aME (iia©B^ 2 5 0 |i m) 

[0171] *mm<»mmcoTy?ftm{z'Di\Tmw-? 

Jg-rtiOir-r-So Ox/\— 0Ga NS«fl|£$Fg*|l=£ 



>^«cJ;or. JgSfiKftflJOcBlc. <l~lOO>7^fD] 
l^ot, ;g£5jUrru »2 0//m, t°^f 3 50/i 
m<h. < 1 1 -2 0>*fp]|C^or. ;££5/Im. &g$g 
20/im. t°7f3 4 0 /imCD. 1£2CD9J L JS5 0 9$ 

y. < 1 - 1 0 0>*rS]fC>^oT. t°^f3 50/im, 

1 00/im, j£*S8 O U mt. < 1 1-2 0 >*|r! 
(CjftoT. t°^f 340/im, 1 OO^m, 8(ig8 

OjumO. IBi(7>9Jy3l5 0 8S^jaL/= D fcf£U 16 

1 a>*jy*5 o 8(Dff^fe^!i. m 1 HyssotsKftis 
**rcsiriEj6 2a)9iy»5 o 9A<-~Sc-r^cfca[cf ^ G 

[O 1 7 2] ^V^>>^. a^-V2/^*««CL. o 

x/\~$-x— ^^6^L»y. £Ajft*S«fr&e< 

^b3 5 0/imX 3 4 0//m^(T)f ^7°^Mif= 0 ^ 

■*\ n»5FA©*t^»*BayaLfcBf. *B*yi±9 2 

%^_h-efeofc 0 L^L#J&<b>. jg2 0)9Jy3t^x^^- 
J; otli Ltztztsh. -J u 4? X x?i#«St {:: ft 

[O 1 7 3] *HSfefl>ff^t?. *S*y 9 0%£Ut(7X 

J*L. %2(D9iy3ieS£S^*i^«i«K^litlBS«ii: 

o*^j:y tas<^*L. 3g2a>9jy3ti**ia>9jyai 
K£y *»<«jaLfcc£ic«fcs 0 
[o 1 7 43 o*y. ««Kti*«ti^mflo^b«i^* 

m 2 <?)9J y * js»35<s^b*^aH«K tst^ cD#fi * y 
tag < . m ion y 3t^» 2 o>m y 31^ y tatB^ix 

c<t(c^y. B2(D9Jy^f=cfco-c9JtLtc9Jtt^. « 
S«3Wr«&«|-e9J+L-&f=«>fc(i . ft 2 <7>9J y 

ig 2 (7)9] y »js»t*o)» 1 tf>9J y 3t<z>«»a><5r«iAN(c 

[o 1 7 5] % 2 (Dffl y 3tlSSP3&<. ^4k«3**ft 

f'Vt 6 ^ ^7^+>W*tlfctLTt,, TOE* 

^c^^-e^^o awBoai^as 2 a>9J y ^**Sp s p/*^#] 

mio9jysti < tig2o9jy^i*Wci:^s 
si*, mmomm 1 <ti^«^&^ 0 

[o 1 7 6] SUta>»B5tit-<fti:. T^^O#®^ 
y A<«T L T © I4 . Hk^#iMIS+lcfit K— 

^>ft< ^ 1 2^u±<Dmym : £Kmi±-fiz^ -m^v 
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[ O 1 7 7 ] **ft©^«Tf f*. m 1 GDHJ y ;«60^^[C 

LV K^-f x^>^-cfc*Lf*. #lx.f*\ SJ6tt-f^-> 
£ fl «)i*;H^f>yit ^^it. SSftBftt. 

[0178] mmmtemMj&'jj&t lt(*. ^mmcom 

an*. *2<D*jy3MBcfcy*.j£< ufti+fttfft&fci^fc 
a. x^^-r^icj:-5mi ©Myai^rti*. fc*y#£: 

[O 1 7 9] *fc % **JfiO)^tt-Cf(*. ^ 2 y MPm 

ftL\ 0 L^L&£<£. *HJ6<Dfl2SS<&. «2a>ay» 20 
|* % K7-fX9f^a*felWi^ H^fV^Stf 

fHx^^>^$fr5fca6«cf* % y v^^-f — 
[o 1 s o] K-e>yLr^ft^fflb**»* 

^^[C-r^fc<56(C[iG a N&ffiCDH^t* 150/i mKTF 

[0181] 44Hta>»Bi?i*. fi a>syy»t«2a> 
a y a* * l r»»tt(cj» < & o fcj»»Tf . ^x/\- 
s^^^w-r-stc*. sb i o>a yaus»A> 6* 2 <d»j 

BrEEKl*. K-t°>^$fToT^tC^G a NSfiO) 

mfrtmmiz, i50/imra«$L<, ££>dfc?£ 

L < I* 1 OO/i mJSlT-efc^o «lBfflttJE»(DJl^a>T 40 

mil*. »i=M3bfti>*<. fc*y(=t,j»-r^*i:. 

^(Dfc^^^PirX + l^x/x-^mijT L£3fc 
to. StO»rjEg*a)TIBflil±5 0/im3sl±A<a*L^o 
[0 1 8 2] -£tz. *Safia>»Jlt?»fBLfc*** K— 
fcf>^LfcG a Ng^fi. «JHrL^t^RG a NS^tDH: 

y at»ism^r*«i«f * tile < t^cfc 5 1= lt . v zfftm 

[0 18 3] *Htfe^J^S^S»jy?g(=*PX.-C. 15 3 0)9] 50 



y*£ lt. ii cDSijy^fe^t>i*m2a>fijy / : tcti. 

£L<f£. SB 1 ^*2<D«y3liB*(c. X^7-Y^7^f 
^Sfl&rtLT^^SLTtiftl^ *f=* [11 (b) 
[c^-r^^fc. ggi (D£ij y ;g £ L < I* tg 2 tf>ffj tj ;f$CD x 

Z(Z)i§£\ ^l/\-^Il35<l oOjUmJslT, t 

l<(*. asi a>»jyaii6»A^6*2fl)ay*j6»*i?(D 

«J»rSEg8/><1 00/imJUT"efe^c:<S:^Ll\ tztz 

[01 8 4] (njg^ff^ 1 1 ) ^mmcDum 1 1 1*> 
i*. *^r-fra»*B«ic»-r*s»«*»Tr-t.(Di:-r 

^ o 

[O 1 8 5] |U6 (a) I*. C®-it77^7lffll 
O. nlGaN!20 % i!M30, SIK-t°>^ 
LfcnSGaNll40, n H G a N / < y 7 7 M 6 O 
1 . nSAIxlGa 1-xi N^7'VKl602, 6 
0 3. pSA lx2GaN^7^K!604 % plGa N 

[0 18 6] i^TfClU6 (a) (DSft*iNW**fty-r 

[0 18 7] MOCVD;^C®7 u 77>(7lS 
ffi 1 O (B^4 2 O m) -hlCfl^ 1 /i mCOn^G a N 
■ 2 0*aiL r MOCVDgt^b^ytBto ^(Z. 
X/^y £ U L < f*. CVD;£^l\t N 1 

o o nmcommwm^mi,, u v^7y- awicfc 
a<. *ll«g(Dfl^®a>-y-^T-f 7JU^(=. s i c. xt° 

ZnO. MgO, S i. Ge. G a A s N A®"^ 
77^7, Rlf77-f7, M®7 L 7 7-<7^flLT 

SflBRtftil*. 0)J^I*\ S i 02. S 
iNx, T i 02. A I 203trfe^ 0 *ltJ6<D^JS 1 1 CO 

mmmus oi* s s i 02^{$^L7= 0 

[0 18 8] HVPEglCSffHOXA-^^ 
hL. iS»;«J^2 XlOlVcmS, Si Sft 2 X 1 O 
18 /cm^ K— e>^L&3b<&. I^200/im(Dn 
|GaNl|4 0»SLf: 0 CCT?. *^0^CDB^^ffl» 
-em^<t C5(DH«?:(t 2 O/lmJSl±0!)l«J»*ffi , *-t 

[O 1 8 9] fifrfEGa NSB4 0Sa»U:^±A- 
K/MOCVDgtCt^ hi, H35fe(D^® 1 <h|l] 

»a>«*ftfti?. me (a) iz^-tmitm^mwm^ 

[o 1 90] ±ESlk*fSHt«*y^t-K* 
[0191106 (b) [*. £l0>&jy3f6 o s <tm2o 
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[0192] *nmo>ftmo>. me^a>mtm^m»m 

6 0 Of*. nlGa N|20, tt* K— 

t°>^Lf:nlGaNlll40a)M^fc-S^ Jgfft K 
~t°>^LfcnlGaNli4 0^ % ^frlinlGa 
Nl2 0 ti&m K— tr>y**ifcnfflG a NJWK4 0^ 
^J&£;ftTl^Tt,£lL^ nill606lt SM <Z>9J 

y»e o s^^jSLfc^ 0(D^a 

l:T i /AgJl*ir^§ 0 

[o 1 9 3] Jhre^m/N— OW^r* 7«S«€- 

[0 19 4] P SGaN3>^h|605J: 
(C v P d (3 nm) /M o (3nm) /A u (1 0 n 
m) (OIHIC. aS£ttpIffl60 7*'JV^77^-S 

3 5 0°c-eN2lli^T7--;u^frofc o a CO at 

Tx*&<<z>mz<»mvm : £:. mma>»mt*ixi^i^ 

TS3£««IC. ^280^m, 
100/lm, t c '>f 3 5 OjUm<DjB1(D9Jy3|6 O 8 

si (b) i^-t&ttmxmtfiLti* m 1 (Dm y 

0 (nSGaNH40) ^T^j^T^ & 5 CC^**t 
r^S„ «1CD9Jy3|6 0 8(D3ffitt. 1IM3 OCD 

(a) ©««5 0, «J85 1^P>0)ttfi^«LT 

s<fc«8*3M*Ki±. aw«ft(=cfcy«rtEvx^is±^ 
n^8fl ic & fca&-e & & o 

[0 19 6] ^IC, ^7 7-f7llMIIC N T i (15 
nm)/Ag (150nm) n 6 0 6 

^Tt^^ytbfci^^^^o 

[0 19 7] gEt^T. 0X/\-W77>f7lSWJ(C 

7>f7iSMjSTI:LtIUftlt, I^-v^^tS 

SfiE*ffl (p^Ga N=3>^^ KJ1605^®) 



t°^f350// rru 1 jti rru 5 /i m"C~ [5] 

3 5 0^mftCDT^^(C/ c j:^J;5{CX^^-r^^-l'>^ 

Aft. mzomVygG 0 9S-J^nE-r^o fcfiU 

9J y 3f 6 o 9 cDff^teSli . ffifEB 1 <£>9J y 3f 6 o 8 CO 

1 1 -2 0>^fcfi< 1-10 0>*Ir]-C?&-&„ ^fc. 

[O 1 9 8] X^-f ft^-V-V^SIBHtU 0 

XA- — ^U^t»^L^y . GaNSffi«J^bg< 

p— ^— -cff L^-c-&*fCcfcy. 2>r>fw^iA- 

^b3 5 0/imtof^BiSfco Hl6 (c) |C# 

SWytBLfcHlr. *B*y f* 8 5%EJLt-c?fcofc:o 

[O 1 9 9] ^^MBCO^St?. 8 5%kL_fc:tf> v F/filCDJf£ 

i=fl*i»u io, -swnct/^, mi <z)9jy 

3lJ6»jWfi* K— e>y**ifca<b«i*»(«K6 o o£ 

T?snat§ct5[=ML, *2a>*jy3ti±«ia>9jyat 

Bcby t«<«J«Lfcci:^cfc§, o^y. 

K — e >^ * *tr fc *!>#9J lc # o 

e <t <t . m 1 a>9J y at*** 2 cosu y 3f £ y tsteMt 
30 <. s 1 tnzcDmym^ftt-txwm^&^tiz 

cfcy. !6 2(09Jy3t(=«fcoT:9J*Lfc9J*t«36<. Ig^Oli 

sEgtt?9m^>fc^(c(i x m 2 a>9] y m&Mfrz&im 2 ^ 
9jy3ifi»T*<Das 1 a>9iya((Dj6»©fir*^i=Ha-r 

*L3^ft<. L^*. 11 a>9iy»l««^f±. ^^b^ 

(D»i^ 2 com y 9t£ttAAJt«a>Bi=»A utccofi. 
40 2o>9]y3f*s*<M«:^ssi*. usi^s 1 1 mm x*$> 

ho 

[0200] I«#iM6oo*ciIK~ 

*frofc«H©Sfc*¥»f«t 3 0 0/im) 

yLr^*:u^Hi:iSIBIcoaft«|i|iSlt*;|KtJt^r. 

50 [020 1 ] K~-t 0 >^Lrl^/ c ^L^^CDI5Hi(7) 
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— *fc(4X*^>f/<— 0>. 33(0»»J6*a)36Mt^*|fiI 
L^Lft35<&. ***<DiMSa>J:5l::*fl§* K-t°>^ 

[0 2 0 2] JbiB31*lcol/*Tr4. ^T*l4£:l^ M 
M^«»SS*«ltLr^l)l I iM^irvMT 10 

jll6a>»tt*ffl^fc»fi-. ^^^a>*H*yi***K— 20 
[0204] *sej6a>^ss-er4. gi a>siyaifl>»«i= 

LN D K^x^>$r-r?fc*UdL #ijx_!4\ J5JS1£>f 

£ Q hx^f^'li, «x.tf. ^I£. RUSH* 

J»«Mi«6»<DS^?S5S**<a6-So fcf=U x«y*>^ 30 

[0 2 0 5] LTI4. *HjSfetf>fl2 

^t?^Lfc^-r-»^(=<fc^/N— hcoffe. xo 

3f(4. «2 0>9jy3fBcfcy t,j£< Lai+itliSfea^fc 

[0206] *HJ6a>fl2Jg-cii. SS2a>9jy*iB 
a>»ja»cx<7^-f ^*«fflLfc*<. ±Ei^f^a, 40 

2oay^jS(ctei^ri4. x^-r l 

l\ atfft&l*. «*S£Sfe<. SoSiSfc. »»ntA<RT 
WBrMH^K^x/x— *«yBi-5HaA<*tt^a)-<?. *- 

•OSJ&fiKLfc**. HI (c) C^tcfc^^lA^ 

T*ftL\, C0)i§£\ ^1 (D9jy«JSSP^blB2Sljyjg 50 



[0 2 0 7] *HSfi(D^ffi-e. ^7 7-f7lSffi 

^ilLT2 5 0//mSJS*Tf»< Lfc*<. **B^#t> 
lC«fc*88BM::«fcft£* T*I*ffi<7M?£(4 2 5 O 

/imiilT35<»*L<. ^bi:KL<li200/imOT 

[0208] «nMsa>^iBowflt(4. sg i <dw\ y at 

(4. 2 0 0//miaTM?f L<I41 5 

[0 2 0 9] ^%tisa>»iB(4. ±1E»«£S*LTlvK 

[ O 2 1 0 ] (3Hfca>J&fB 1 2 ) ^SgjfeDfl^ 1 2 [4. 

jS2<DSjy;*£x*:/^>/f*£|Cefco 

[o 2 1 1 ] S*b&#*{**3fc#-< K**£*(D» 
5i;£;£f4. HjSfe(Z>^aSl 1 (B6 (a) ) 

£o fc/=U nSGaNSR4 0lSSIfi5xlO 
20 /cm3, S iSgl X 1 018 / cm 3£ K— fcf>^L 

[0 2 12] Jz|ESfctt*«f***#-f 

^*»rtLf=^x/\—a>^^^ , »»ic-3^T»fflt-*o 

[O 2 1 3] ID7 (a) tm 7 (b) (4. »J y 3f Oftjft 

H7*(Dfifl:1fe¥SK««7 0 0(4. nlGaN!20, 
ilM3 O. «tK-tMLfcniGa NJ51I40 
<Z>»»T?fc^35<. i|lF-t°>^lf;niIl4 0(D 

*fcl* n S!G a NR 2 O ^ttX K-tf^^ * *lfc n 
SUG a 07^)^^>|i^^tLrt^T^g;t^ o 
[0 2 14] *-T % JzfS^X/N— <D-0-:7 7*f 7«Sfi£ 

nsfayiiLt, i$ji 5o/^m(ci N mmtti 

[021 5] friE^x/\— *y v^^-r— ft-c 
^X^#U1£U ^p B R^«cocla$±(cL-C (p^Ga 

h-T^o K^>fx^^>^(cJ:^T. flijfBm^@-tfc. 
i^3/im, 8(S5 0/<m, t'^f 3 5 O/i m0§2© 
»jy*7 09*. B1 (b) fc^-TlS^tt^^fiKL 
fco ^-CD^. VX<7*SiyP^#. pUGaN^V^^ h 
I7 0 51IC, UV^77^-M^tPd (2n 
m)/Au (1 0 n m) (DJUIC. I3fe14plll7 0 7 
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T\ «20)»jy3tJSgP(=. T i (4nm) /Au (10 
nm) l=«fc£nS!S3ftttfI«7 06%Bf$.~tZ>o &tz 
I*. nSI»||7 0 6^l«1 1(Dcfc5(C. 

*<Bi <Wck9(^Au y (C A t^ll<i^<t 

*<»*Ll>„ 10 

Sffi-tlC. *J5MM£a>KLV A I *L<fiAg£±ffll:: 

lOO^m. tf^^3 5 O UmCOm 1 U 31 7 0 8 
B1 (b) tZ7sk-tfa^MftX*MflLLtco tztzL. % 

1 cdsij y * 7 o 8 cD^jsaafi. may momnK^s 
**(c«risB2<oaijyai7 0 9^-at5«taicL, y 20 

^b^#^*rc^Lr< 1 1 - 2o>*fci±< 1-100 

£ a<b*#»f«Bt 7 o o t (Dmnmwizm-t & & a 1=» 

[021 s] S5ia>»jygi7 o 8a>gt*S(*. bw*R3 

* Hire ft*. KlO)B!yaWB]WB«fl:|«a>vx^(Bt 
H**v **ufcy *«L^**li. ftia>fiy9t]gAttiK 30 

[O 2 1 9] y-f ^ 

x/\— ^T~^u^e>^L^y. <sa*s«i^e>s< □ 
j*u^»i*ayajufcHf. *a*ytts 5%£ut-t?fco 

[0 2 2 0] *Hlta)^JST?. 8 5%J^±<3), ElW.COM 

H*. ***K— e>^LfcH»<3!>S<b1fc^#i*R7 o 
0-blc»jjtU Mo. -Klc«j»r-#-^z < t3S:<. ft 1 (D 
flyiMtftt K— e>^*#ifc»ft1li*»»«7 o 
0*"Clija-r*J:d(^fillL. *2<DHySME»£fiflfc 
WiMftl 7 O 3 fit J; < M L , ^2 (Dfil 

y ,11 lift 1 (DM y 9MEJ: y *» < Lfc c 4: «=«fc *. 50 



o*y. ifltltt¥ii*i7oo^^(7)itt 
tzZLtk* «2(OMy9|jeflS3b<Sft«i#«ft:«%JittflE 

* y *as < . sit i cdm y 2 cr>#j y *cfc y 

EL^C^lC^y. «2 0)Sljy«(C«fcoTSlJ*T-fcSlJ*t« 

^ e, 2 ©9] y aiME»T*©!B 1 y *a>*»a>ft 
»AM=sja-r*L*^<. l***. m 1 (dsj y 

J&<*tty. *H-B:te*lRU^#l!H**L«ct*|ftjhL. 
rJ\M(D=? v ^«(c«Bfr-& c <h 

S f St ^ c A< -5 „ » 

sa>*L^« 2 con y mimBm^mcom^m l 
y ,nts£ft 2 <om y ifwi^^isii, £tt<z>»s 1 

[0221] L3^LS:A<&. ft2(DSiy3|£x~/^>^ 

[0222] XttttJMBi 1 T?^-<fccfcd^> i£ff§£ K 
~t°>^Lfc]^p(DM^#^^7 0 0$lSfi±C 

<D J£MJ£ * t, L < tttft o r t»^r fc»J*i S d <t itm 

[0 2 2 3] tWHK— e>^**L*:^ofc*&fl[>**Jfi 

<7>ff^coss^[co^Ttiisfe(7)^i 1 tmm-cfo& 0 
[0224] *jiJ6a>^®T?i±. ft 1 omymnMtfLiz 

ECRX-/^>^;±^CD#5i*^^^C<b:7t)<^^ 

^ Q Oi 7hl7 f>^t fflix.fi. 7 4 >8, 

L^A<t>. ftia>8oy*f*. ft2<o«y3HB«fcy tj£< 

Lftl-J-^LtfftfeftL^to. X^7^-f ^[Zj;^,ft 1 o§yy 

[0225] &tz, *mm<DMmT*i*. &za>my must 
^t^o L}&^l&a<&. **lta>^«a>«2(D»y8ti* v 

K ^ ^ X ^ > £ fc I* O x ~j h x »v ^ > ^ ftA<« * 
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[0 2 2 6] ^^(C 11 (c) (C^fctaiCiljy^O 

MLT*AL\, «1 a>My*6»3fr&*2ffl 

K— fcf >^**LT^*»*<©H[^-Cfc-6o 10 

[0227] *sata>»»^. -y-? r-frasffi 

SSfBLTI 5 0/imSSSl?»< LfcA<. *3§BJ3#£> 
/im^TWSK, *£(Cjff*L<l*2OO0mfclT 

[0228] *nflg<D^<Di*ai*. n 1 aim y ansa 

K2(Dwy*j6»3&<aft**w{t**ji«fcy4iT 
^icfeg-r^c:<b. *i©fflyau6«tjB2©9]yaiJS 

W«t(Dffl»rSe8£SS< LtL^^t^o WrKttllSKB 20 
2 0 0#mJaTj&<#SL<. *t>(c»^L<I*1 

[0229] ^mmcDwmit. ±Ei*a$a*LtL* 

[ O 2 3 0 ] (|S16G>fl2® 1 3 ) *gtJfcGDffi^ 1 3 

s«Sffl^/=*-&(o. sjyatfl^jas-iRi^^^^ttjco 

[0 23 1] ^^^5MHa>SJHtt*#atLfc»*. My 
sSCDHajtSfite. <1 1-20>SfltfB*L<, 

< 1 - 1 O 0>*[S]Trfc^> 0 B5fIB^lRl^e>. ±5° SS 

*T?-r*bri^rt,S:i^ *ME<1 1 -2 o>*fii(c»o 

T»jy3f*^«L. #MLT-C££«Baii {1-10 
0] ®1?fcS 8 *fc % fflfE< 1 - 1 0 0>*lpj(C;^oT 

My**«*u »WLr-c?*-6sisafi. {11-2 

0] ST?ft§ 0 

[0 2 3 2] ^*L&(DSfilfl!)ja^fi-tel±(=«fcor^«* 

xE^rff^. i£~m^. mm, 40 
Wrraiaff^ iEAft»*<fc*o ay»a)i«jifii 
^< 1 1-2 o>*iRj**t?«taic. JttB 

^:*JBttl=^^*c£j5<»£Ll\i My 31 

^^^M^ea&^iRiTfcSfcto. T^^»Ma>*B 

»a>fiiaa>*fii35<< 1-100 >*fin*. fiao^fi^ 50 



<1 1-20>Jf^t^^c C+Ll± % T^^fflflOSa 

a<i i-2o>*^*. *<My»»j*u hu 

E*fiI*!:lt-<r5 1 ^^ , »M©Hlt&< 1 -1 oo>Sfl 

* < »^j«-r & fc #> -e & £ o 

[0233] *fc % ±IB*fi:HI««=MLT. ^^MH 
0>HIBl3Ei:*|fiI*fiifl(caH&jaLT»M-r l/s 

tb^i «fcy**#^fc*. tctDii^b, aw&&<^ 

^ :?#M<DBJifeM y *S*?L-5CtA^# % ^ *y 

4 3>*§£\ l«©f*;^afi(0, 4f9<D*-effl-BCi: 
3&<T?*^o JbfBL/SltCD±^^4(c: LTL^CDfi. ^ 

[0 234] (USSCD^S 1 4 ) ^HJfeOfl^ 1 4 

smzmi^tzm^o^ Myam^as-eiir^^^ttico 

[0 2 3 5] 5 1 ^^»M<Z>S»tt*#JlLfc»S-. My 

2-1-1 0>S"lfin?fc6 o BUfB^ftT^G. ±5° Sft 
*-C?-r*Lr^Tt»jaUo HMB<0 O 0 1 >^Ip3IC>^oT 

mvm&mmL. »aitT?#-5a®ii {2-1-1 

O] @-efo£ 0 MfE<2- 1 - 1 0>*|S](C^o 

ray»^«L, »MLrtf#-6ttH(i. {000 

1 } S^fe^o 

[0 2 3 6] -tlb0^0ffl^^|IcfcoTlf^^ 
[0 2 3 7] ±fB^^jM£c7>i*L Lfc» 

**fl^coSiaLi:giasa>thA<. l/s=i. 01 

o>?jfatf< 2-1-10 >^[pj-e. *5aa>^[p|35<< 0 0 
o 1 >^-f^]-e^^ 0 c*ti±. f ^?»Hfl)Saft<oo 
oi>*rpi^. *<My;ftKi*u BMfE*ia]ctit 
-<r^^^Mcr>SSI*<2- 1 - 1 o>-fifa&&iiL< 

[0 23 8] ±E*ttBB«lf=WLr. ^^^»M 

j**<i ,fcy**#ivfca&. xc(Dii^b, a*a<^ 
3f»M*eaic-r«ci:A<-t?#* 0 «^f*\ l/sm 

4(7)^. !y?#ai#fl!), 4fS(D*-C?M^C*!: 

^tr^^o ±fBL/'Slt^_tp[S^4(CLrl^^)CD[^. ^ 

(c. @B^L(c< t^c^-efc^o fct, ^^^MSB 
L/sA<4cfcy SoTtsb^* 

[023 9] (HSfeCDff^ 1 5 ) ^SSCD^B 1 4 I*, 
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[0240] f *^ ^a©8atts*a Lti^, ay 
ato>«^**fiii4. <o~ii 1 >*ipj*<»*l<. m~ 

<2 - 1 - 1 0>^fS]-t?fe^) o B9SB*lRl^t>. ±5° i 
j££Trf*LTlvr*i&l\, BUlE<0-1 1 1 >*ft(C» 
oT«y3l*^jaL. »S»JLTT?#-54|IS®I± {2-1- 

1 o} ®t?&£ 0 bSsb< 2- 1 - 1 o>-fsm^ 10 
o-c9jygf£fl2j*u ^8JjLT-e^^s®(i. {0-1 
1 1 } ^-efo£ 0 

[0 24 1 ] c:^^(Z)*iBi(Dffl^t>i±f^JtoT^nE* 

[0 2 4 2] ±B^^^»«<Drt. **»*MRLfc« 

6\ S^J^cDSJaLi:Sms<Dtb3b<. L/s - 1 . 01 

~4*<#*li\, ^bic^^L<(i. srSBfi*^a>*iia 
^S"lRl7&<< 2 - 1 - 1 o >*fcn?. smtf>*ini^< o - 
1 i 1 >^rS]-e&£ 0 c*u*. ^^^9Ja>®gte<o 
-1 1 1 »<t)y»MU *£(^> SMB^ 20 

^Jt^<rT^^»9](Z)S!i*:<2 - 1 - 1 Q>-J5fa&p 

[0 2 4 3] *fc. JilE*fig8ffilcfliJLr. ^^^»»J 

4©*^ ffi«a>^3?#9JB#a>. 4fS(D^-e9]^-<h 

A<-C#-6o _blBL/SJfc(D_bE£4i:: LTL>£tf>(i % ^ 
MUc<lvfctfn?fc*o tot, ^^>f»9l*B 

[ o 2 4 4 ] (XjtajMB 1 6 ) ^mmomm 1 4 it. 

[0 2 4 5] ^^^»9J0)SStt*#JfiL/=«^. 9Jy 
»a>»**fltt. <o o o 1 >*at L<H\ <0 1 - 40 

1 0>#|pJ^k5 7. 6° 0*IrI^»*L<. 3fcl=<0 
1 - 1 0>*filT?fc*o «TE*IrI36^&. ±5° *§Jg£T? 

-rtir^rtiAt^o SifS<o 0 o 1 >*[pj(c»oT9Jy 

»*»J*U »9JLTT?#-5«ffi[f± {01-10} 

Sfc. «ffS<0 1 - 1 0>^IrI^&5 7. 6° 0> 
*R»=»oT9iyS(|*»*L. #9]LT^£S®f£. 

{01-1 2] ®T?&£ D *fc % BUlE<0 1 - 1 0>^5 
[000 1] ®t?fe^o 

[0 2 4 6] Cl+Lt><D*|pl(Dia^^lJ:(CcfcoT^ja* 50 



*iz>^v?mm±. je^jm. ttte. =fl»* wnmm 

£Mti<fo&o 9iy*©®«*filA<. 4>&<£*<o 

0 O 1 L < I4<0 1 - 1 0>*fil3^& 5 7. 6 
° 0>*lRJS^fccfc5lc. J:IE^^tt(c#9J^5c<t: 

[0 2 4 7] ±|B^^^«a>rt. <0 O 0 1 >*lpJt 
<0 1 - 1 0>*fi]**e>5 7. 6° (D*lRj*^t;cfc3 

=ftmm=L L < li^fffflfflfl^tti::^ ^ ^5>9J L 

*y^»Wa)*«*yi*A»-efc-6o JlIBtP^AM*© 
rt. <o 1 - 1 o>^fS]<t<o 1 - 1 o>56r^t> 5 
7. 6° a>*fii die. w-frmmmmi^vJ 

1 0>^{SjT?. ftffla>#[R!J&t< O 1 ~ 1 0>*lfil3&xP> 5 

7. 6° <Z>*lRltffc-5o c*ua* Tv?&m<o&&t3i< 
o 1 - 1 o>;&G!fr&5 7. 6° *<9iyai 
fl&JifcU iSlc. MIE*I^I^ifc-<r^^^9JcDSSt^< 
01-1 o>*ia*d>ft<9l»ril"*-**:A-efc*a 
[0248] JbE^^JBttort. *;£ff2£;!iR 

L/=»^ S^rofifflLifeiasOJt^ L/S = 
1. 0 1- 4A<ff*LLV L<(*. «THE«* 

m&mmcDjjfatfKo 1 - 1 o>*ifij-e % sac&sria]** 
<oooi>^-cfe^ e -*u*. ^^^SKDSBft 
<0 00 1 >2j[Si£. ^<9Jy«ff^L. aic MIB^ 
ipJ^Jt-^T^^^SiJ^ffltt^KO 1 - 1 0>j5fa$:'P 

/^Lr^9J^-^ii^. L/sjtA<i j;y t**t%fci6. 
TccoilS^^. »*A<5 t ^^»9la)B«l3S:9iyaK= 
T*;/;7#9J£§«K"r&c£j£>t 

9JP#C0. 4fg0)*T?9JSci:A<-e#-5 o ±fEL/ShbcD 
-tBB* 4(cLTL^^(7)(t. f7^M^t-K(DX 

«. ttoT. ^^^»9I*B»i:-r L/Stf 
4 cfe y < 4oTt*N*fcftL\ 

[0249] (Hitecoff^ i 7 ) *3!Jfca>fl3S-eid\ ^ 

[0 2 5 0] nSGa NSfi8 0 O CDg5t*>i (C 

[0 2 5 1 ] HI 8 (a) (4. ISffil 1 . n^G a Ni 
i8 0 0^btM^^t^t, niGaNSSsoo 
14, «S^77i15, nSGaN|2KilM 
3 K «[*K«e>^*lfcna6aNlB4 1 

[0 2 5 2] MOCVDatllfil 1 ±lZffi&J<y ~? 
rm 1 5^5 5 0°c-cr|f]l^-^ o ;*fC. 1 0 5 0°CO/5fe 

!GaNl2 1^Mt^) 0 niGaNi2 1fft| 
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ft. Mocvogi^b, MfE^x/v- jffiy/a, x 

— 5£s C V DSt L < (i E Blf SJffll^li 
*i3lSlOOnm»filL 'JV^^-f-ttfS^ 

X-T^o MIEX h^-f nlGaNl2 1(C^ 

LT< 1 - 1 O O^ftlzx K7-f^fiJLT, BfrfB 

fcRtftl3 1 <Df*L^«5l/\-S H V P ESS*(C^ 10 

v h l. jasss 1 1 o o°c. s i Mfk3 x i oi«/c 

m 3 . :ttSt«j£ 1xlOlVcm3^ K— t?>^Lfc?^ 
b> 3 5 O Urn&l&m ■ F — ti Z fotz n M G a NJW1 

4 1 ^fiii^oo 

[0 2 5 3] Jb|HS5t*jS(Ccfcor nMGa Nl5^4 1 
ZMf&'ik. ^xa» *HVPE»«36^6»ytBL. 11 
■ tllCIXCl 1««jf«y. nSGaNSISOO 
^fESLTco niGaNSfi8 0 0ltftig/b77i 
1 5£#A,-Clvr*i&l^L. #A,T?L^ < £ £ &1> Q |h] 

niGaNSISOOft 11M3 1 20 

[O 2 5 4] Jzf E nSG a N£fi8 O O ©KsSSSSlCfc 
l^T\ yaffil*. C®+J-;7T-f7. M®t77-f7, A 
St^W 7. Ri^^T-f 7. GaAs. Z n O. M 

g o. xt°^;k s i. g o&mtifr&mi^tili&i^a 

ffiffi/^^rJi 1 5f£. 4 5 0 0 C7b^ 6 O 0°C(7)iSS;m 
g»«Lf:KGaN/^y77l, <£;^A I N/^>:7 
rJf . {£;^a ixGai-x N/iyyrM (0< x < 1 ) . 30 

I n y G a l-y N/^77i (O < y < 1 ) (Dffifafr 
&mi**il£Bki\ S5W*K3 11*. Si 02§l. S i Nx 
IM. T i O2H. A \ 2 03m(Dffi*lfr-?fo*li££kl^o n 
iGaNl2 1lt niAizGal-zNl (0<z< 
1 ) ttot^IU 0 

[0 2 5 5] 8* K-t 8 V^S*Lfc n IG a NSR4 1 
(£. K— tMJWcniA IwGal-w Nil (O 

<w< 1 ) ai*«jai±-tiEiiJ6a>^js 

tPfiltC lx10'+/cm 3 £ll K— tfV^SftTl^tl 

JgKtt2 0//m)Jl±fehlf6^ 40 
[O 2 5 6] ±fEn^G a NS^8 O 0 <Dg5£*5± (C 

[0 2 5 7] gTf. MOCVDj^S i 1 1 (J* 

^400/im) ±iZM^h 1 // mCD nSAIGaN|21 
£SJIU MOCVDgl^b^UHito fc/zU i8 

(a) fC^LfcffiS/<^ 77i 1 5[£. aiL4L>*A< 

G a Nil 2 1 (£. d>&< H100 o°CJslJia>S^;£S 



[0 2 5 8] *|C S _hfE»3t^;£<t|H]«{C. RS«BI3 
(CftDX-r^o j^T. H V P ESgfCfjfEO^/N—^-tZ 

J5HI4 1 SMt^o ^;mS(*±fESI]Sfe<O^S^|Hi« 
1:1x1 oiVcm^Jiii k— t°>^£;h/civhi£& 

<. WKl*2 0 a m)s*-tfc*U*&^o ±tESS5£**tl^ 

4H-S i 3C-S j ClSffitfe^o 

[0 2 5 9] &|C, ±!BnlGaNSl800^L\ 

[0 2 6 0] HI 8 (b) f*. Sfc»*MM*U— tFHia* 
^LtfcU, niGaNSi800, n HG a N/<*y:7 
71801, nlA 10.1 Ga0.9 N^77h*l802, 
n^Ga KJI 8 O 3 . SttJB 8 0 4. p^A 1 

0.26 Gao.8 N4t'J7^n7^l805, pSGaN 
3fe*T>r KJI 8 O 6 s p M A I 0. 1 G a o. 9 N^7^KI8 
07. P SGaNi!>^^ hl8 0 8^bfM^^lT^ 

[026 1] MIBnlGa Nil8 0 0<Mfc*SMfcfc «fc 
tf. S i SSlitti h-^n^Ga NSi4 1 i^lST? 
fe^o ^IC. MOCVDliC, |}EniGaNSfi8 
0 0$--iz^hL. 1 O 5 O°C0>jS;S;^-enS!G a N/< 
777l80lSl/imililLfco C0nlGaN/\*7 
7/I80 1 1^&nSGa NSI8 O O 

£lZ±£tz* niGaNSffi8 0 0(Di® 

^cD^fp. s®^e 3? □ i>—^mmm^\(D^m (¥±i 

L&rt<£>. nMGaNJll4 1|CJ§i$K-t 0 >^Lt 

t^a^lis » 7 1 □ v-^IW^I^iCfe^fc 

#K *SIJ6(DJ^8S(D«fc5l=n^G aN/^77l8 0 1 
*Rltfc*7b<»*LL^ nlGaN/^7718 
0 1 It, nUA IxGal-x N/\*777l (0< x ^O. 

3) -efcoTtiauv, 

[0 2 6 2]*|: s 1. 0/im(^I^(?)nlA I0.1 Ga 
o.9 H^^v KM 8 o 2£j£St- £ Q H^O. 1 /i 

m(DniGaNft*V Kl8 0 3j)8It§ 0 nlGa 
NA*V KH8 O 3J**ft. &&<D)U.Jk&7 O 0°C-8 
0 0°CfiJSlCTtf. 1tf»0>. Jm^4nmCDl n0.15 Ga 
0.85 N#F»£J5£ 1 O n m(7) I n 0. 26 G a Nl^H^cfc 

y«jas*i*sttji8 0 4 (^ma^^ms^to *sufe 

0)J&«(Z>SttliI4. 3H»B(Z)BSH^:#FJi*^jSL, 
[0 2 6 3] atfia**?5tf i o 5 o°c^-e#;^ 

LT. 2 0 nmOl^©piA 10. 2Ga0.8 NtfcytC-S 
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f4*fei:#:l\, 

[0 2 6 4] ^cD|£ N Mgf K— tf>^Lfe;6<&0. 1/im 
CD^^(Dp^G a N3fe#-f Kg 8 O 6 *nR*-T-6o S 

I 0.1 Ga0.9 NJiyft*^? KH8 O 7*«ftt-&. 

SGaNJ:«ft63^^ h Jf 8 0 8 Lfc c 10 

[0265] d<7)4i(-LT. P SGaNH>^^ hl8 

0 8$n)cfit> MocvDgao'Jr^^-rtSiS* 
^'J7fXi:NH3lcS^t, 6 

T$1±tz 0 S«SSA<8 5 0°C(C3lL/=fejS-C?. NH3 
3^&. f^-eBT^iifco ±fflS£«0>fiU#S£l4 6 5 

o°c^t»9 0o°ca>pa35<»*L<. #««fRII4. 3*m 
fcp s iMsaBe*f!fofctt». m**3ME*<pflG 

©NH3f£fflSjWgH^fc££#*£;h.5 e ct&giB* 
pffl<b^«*T?*-&Mg(DiSttfc*ttlf-&^^:3&< 

3 »T*<ff*LL\, 
[0267] C©lilCplGa NH>^^7 h§8 0 8^ 

y»*u. *a>»56Hf=ps«a*»«-r*tft^. 

liiSS (p^JIOSS®) £P££lT£JIIi{4. 10 

[0 2 68] #HSfe<&fl2J6<0;SttJi 8 O 4 (4. 3 Hffl A> 
SttJII4l nyGal-y N (0<y^1) frbfltJ***LT 50 



[O 2 6 9] p^G aNa>^h!80 8 (D p 

ft «9 X fe £ M s <*> tS ttit £ JsS tf T t * 5 P Jf * co SI ^7Km 

[0270] jiiTic ±iEa<b*i*awtu— 

jjBLfc^x/x— (D^^^ffllcoL^rHS (c) % 

(d) &tfiU9 (a) . (b) -Clfflt-S. CCTf. 

[O 2 7 1 ] *-*\ JtfB^niy\— COG a NSMJ^il 
«lc«fcy«fBLT. MK~t°>^tLfcGaNSS0 
H££i oo/zmlcu St®£BL£^r& 0 *|=. 
tL<l4*JH»**t?«MlA^&a:-6Sfi-*a-e. ffflEO 
X/\-Si^f>^j61t6. C<DX^5 1 >^ r «iaif4. 
Ill: J; o 1 4 CfrSSI^tfMISK L, P 

[0272] J£JStt^>x^>^KE£ffll* 

p^A I 0.1 Ga0.9 N^7^Kl807SpiGa 

n*#w KB 8 o 6<D^ar*-ejiyTifr. >j^?xh 

7<^M^MLt (U*;v*8 2 0) . JBffr^ajR 
1*1(4. fi<bft¥Wtta>< 1 - 1 o o>*iR»c»*Lfc 

(0 9 (a) , (b) ) o 

[0273] HSte©^4^Pi«r=. ^S^AfllJ 

f>yasffl^r, syy3ia>jefls^sttji8 0 4a)^A 

nru t°^^300/ima>|g2a>i«jy^8 1 3&l&j£Ltz 

(0 9 (a) ) 0 Uia»2©9jy3fi4. xh^-f^*[pj 

<h^#[$l(D< 1-10 0>^|S]|C>^oT^^*Lfco 
[O 2 7 4] ^|C S S i 02»liB£8 O 9*If U U 
^vSP8 20(DpSGaNn>^^ hl80 8 (DS^S 

|C X P d ( 1 O nm) /Mo (1 O n m) /A u ( 1 5 
Onm) Sii:l»StTpi«i8 1 0*»«t*. 
«JfHp^m®8 1 OjlSLfcl ^S(Dg£Si£S(AL 

4 5 O°C0)N2#EIS*"e7^— ;U^^Tofc 0 

-(DC^lCcfcy. pffl««fl^jaiCcfc*a>*^ h»ta(D 
e«S^b7bq#t>4xfc 0 

[0 2 7 5] ^U^r. OXA- ^S^LfCLT. G a N 
SffiffllC. T i ( 1 5 n m) /A I ( 1 5 O n m) \Z J: 

^niiisn^ y v^7y- a«T^*— >JK 
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[0 2 7 6] tssaja*«<offi(=ft»*>— hsafif* 

D9 (b) [z:^-r o Hffi&. tf. GaNlH 

C0®JtlC % t°7f300^m, ;1^20/im, «5 0 
/i mCDB 1 (Dm i )MS 1 2j»^o fcf£U S1 CD 
fly 31 8 1 2(D^fiRffi**. WJE*2a>9Jy»8 1 3 CD 

r< 1 - i o o>*iRj-t?&^o 10 
[0277] m 1 a>9jysi8 1 zcD^mz^LT 

II©<1 1~20>^rS](C t°'>f 500/im, m$ 
2 0^m. «K3 0/lmO>IKlOnyg|8 1 4*. 94 

[0 2 7 8] 94i/><7&. OJ0./\-^94^—mm^ 

Na«fBS±fcLr5syf*it. s^ft^^^st 

£ Q @5£fe. X^-f s<—<D94 K^rT. gM<D 

»jyai8 1 4jg^_tcD[5i^'t ! ^{c^oT. e^fso 

0//m, ;^^3Xim. J8B5/im^"@X^7-f^t 20 
£ D CCD*§(C LTB3(D^| y 31 8 1 5»ll«o fct£ 

i 1 ~2 0>^-efe^ o 

[0279] x^7-rm jta^-v^^s-wftu. ^ 

< Ga N£«Eflbfr&!K3 0>fly3f 8 1 5 [C;£o T^PtS 

is - tr^cDs^— «as»«t* cms 

(c) ) o «l*-C\ «1 (D9Jy«8 1 2(0Sfill:»-Dt 
±lEfs]*3Ue. ^:f#ffl£fr5 (18 (d) ) „ 
[0 2 8 0] CCDJ:5(=L"C. 2-f V^^tD^X/x— An 30 

[0281] tf*T-a>5^— «ffi*^*HT?»ja-r 

MB~efe« {1-100} BSS^— flBBlc-T&jcd 
[C. <1 1 -20>7a^3[C; , p v oTSljyS^ff^-r^CD5{)< 
SSLl*. *fc* H)S6(7>^®2. 7 

«a>B«ciiy »««a>*M=fly**» 40 

fi«-*i* sttBf*ifia>5^—«iBS«fcy--jiSi*fti=-r 

[0282] ^fc. HSfecofl2Si 1 -e^oHtfecD^S2 

7 <7>#9J*&£/m^T=fcftl/*o 
[0 2 8 3] tF*-T-<D5 

(4 1 2 0^5*-e^ja-r-SCi:35<M*L^o faSfc&^fi. 
5 7-SiM<tf ^ :?#9jO*=tf>a>9] y 3D&J2£RB# 



[0 2 8 4] U-1f*^-<7>5^— ^®ff£/££R£<T^ 

#9J£*t 5 HJ6<D^®1^t>j|J6(Z)^8ll 2(7) 

[0 2 8 5] *H«5a>^»-T?#&*L*a*tt±|H*J6<D 

[0286] *fc. *mM<DfimT*it&mmfr£>. nm 

V 3?#9J #*B* y ft < - £ *<T? # « a 

[0 2 8 7] 

[0 1] (a) HJfia>»«1 ^Lfc^^^^J^OfcA 

®9iy*H*jaa>iaT?fc*. <b) njfe<D^® 1 -e^ufc 
n\G>mvmwfif$. mid <DHT?fe^ 0 (c) njfecD 

[12] mm&i&mzxTFLtzTvzfftmcDtzisb&mv 

[B3] §g*fca>fi3® 3i?^Lfcf ^9Jo>/--^cd9J y 

[[14] 4 Tf^Lfc^^/^»»l<Z>fctf>(Z>9iy 

ess] siito^iRs^Lfc^^^^jofcto^y 

[0 6] (a) HSfe(Dff^1 1 T?^L7=^b«a^#* 
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